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Evaluating the impact of A Problem-Based Learning Curriculum on 
undergraduate medical students in Saudi Arabia 
Abstract 
The main aim of this study was to examine in detail the benefits and problems of 
introducing a different method of teaching to medical education, namely the problem- 
based learning (PBL) method. This technique, in a number of pieces of research, has 
been shown to be more effective than lecture-based method in fostering better critical- 
thinking, problem solving, and the self-directed learning skills of students, and also to 
enhance the acquisition and retention of knowledge. But PBL has not been universally 
successful. Despite this it has being recommended by medical educators worldwide; yet 
it remains to be formally evaluated in Saudi Arabia. 
To evaluate the impact of PBL to students in particular and to Saudi Arabia in general, a 
test run of the method was carried out, in which four Saudi medical colleges were 
selected to participate. The total number of subjects was 484, comprising 232 pre- 
clinical students (Pre-CS) and 252 clinical students (CS) from five courses 
(units/modules) in the medical curriculum. A human genetics module was used as a case 
subject for the test run, and both pre-clinical and clinical students were assigned 
randomly to either a PBL or a lecture-based curriculum (LBC) group. Data was 
collected using six instruments which assessed knowledge, attitude, learning styles and 
perceptions of students in order to test fourteen hypotheses regarding the benefits of 
PBL to Saudi undergraduate medical students compared to LBC. 
Both qualitative and quantitative methods were used to collect and analyze the data. 
Qualitative data included essay-type written response from students, which was 
analyzed using Nvivo. For the quantitative data analysis, several analytical procedures 
within SPSS were employed. These included descriptive and Chi-Squared Statistics, 
Univariate analysis, One-Way and Two-Way ANOVAs and Effect Size calculations. 
From the randomized controlled trial undertaken on pre-clinical and clinical students, 
very large differences were found in the outcomes for the two groups. Within the pre- 
clinical students, those in the PBL group scored significantly lower than those in the 
LBC group on every indicator of perceived knowledge, learning or examination results. 
For the clinical students, those in the PBL group scored significantly higher than those 
in the LBC group; these positive effects of PBL did not include learning outcomes, 
however. Of the fourteen hypotheses stated, highlighting the benefits of the PBL 
approach to Saudi undergraduate medical students, none was supported with respect to 
pre-clinical students, while nine were supported with respect to clinical students. This 
brought out a large difference between Saudi Arabian pre-clinical and clinical students 
in response to the intervention of the PBL approach compared to the lecture-based 
teaching method. These quantitative findings were supported by the qualitative data. 
III 
Some of the central tenets of PBL are that it enhances knowledge retention, self-directed 
learning skills and level of motivation. These central tenets were not supported among 
Pre-CS; however, they were supported by results from CS. The use of PBL was 
associated with a change in motivating factors from purely self-achievement to the 
success of the group and shared knowledge. 
The finding that PBL was significantly valued by CS but not by Pre-CS is discussed in 
relation to literature written about education and explained by drawing on the distinction 
between "transitional semi-PBL" (as experienced by the Pre-CS) and "rigorously 
problem-based learning" (as experienced by the CS). 
This discussion leads to the proposal of an experiential-based learning model (PEBL), 
which is described in terms of its rationale, its major features and a means for its 
introduction into the colleges of medicine in Saudi Arabia. 
IV 
Dedication 
To my family 
V 
ACKNOWLEDGEMENTS 
In the name of Allah the Most Compassionate and the Most Merciful, I am most grateful 
to God Almighty for the gifts of health, patience, guidance and protection throughout 
the duration of my study. 
I would like to express my deepest thanks and sincere appreciation to those whose help 
has been instrumental to the outcome of this work. First of all, a special expression of 
gratitude is due to my supervisor Professor Peter Tymms. He directed me in the research 
process by helping me through the ideas and focuses of this study, encouraging and 
supporting me to go beyond my limitations. His relaxed and friendly style of supervision 
made him an exceptionally pleasant person to work with and, moreover, his ability to 
deal with such work made me feel confident about my research. So I am grateful to 
Professor Tymms for all his contributions in helping me to accomplish this study. 
In the School of Education at Durham University, I would like to express my thanks to 
all faculty members and to Anita Shepherd for their help and support throughout my 
study. 
Sincere thanks to King Faisal University, particularly to His Excellency, the President 
Professor Yousof Al Gindan, who have consistently and cheerfully supported me 
throughout my higher education studies. Also to the academic staff in the College of 
Medicine and College of Dentistry, and to every individual within the departments for 
their assistance and for offering me the chance to complete my study. 
I owe a great debt of gratitude to my parents for their unconditional love and continuous 
support and prayers, which gave me the strength to go all the way. A special expression 
of love also to my brothers Eng, Khalifa, Basem and Jamal, and to my lovely sisters. 
Special thanks to my wife, who throughout the program has given me her 
understanding, encouragement and moral support, which have served as an inspiration 
for me to pursue my PhD program, and to my children, Feras, Elaf, and Muhannad, who 
sacrificed their pleasure for me to complete this research. 
Lastly, I wish to convey my profound gratitude to all the persons who in one way or 
another have extended their support to the success of this endeavour. 
VI 
DECLARATION 
I declare that this thesis results entirely from my work and no portion of the work 
referred to in this study has been submitted in support of an application for another 
degree or qualification to this university or any other university or institution of 
learning. 
STATEMENT OF COPYRIGHT 
Copyright ©Ahmed Al-Kuwaiti 2007 
The copyright of this thesis rests with the author. No quotation from it should be 
published without Ahmed Al-Kuwaiti's prior written consent, and information derived 
from it should be acknowledged. 
VII 
LIST OF CONTENTS 
SECTION I: CONTEXT AND AIM OF THE STUDY 
CHAPTER ONE - Context of the Study: Saudi Arabia and its Medical Education 
1.1 Introduction 
............................................................................................................. 2 1.2 Population 
................................................................................................................ 3 1.3 Religion 
................................................................................................................... 4 1.4 
1.5 
Economy 
................................................................... . Social change in Saudi Arabia ................................................................................. 5 1.6 The education system in Saudi Arabia .................................................................... 
6 
1.6.1 Principles and characteristics of the education system ................................ 
6 
1.6.2 Types of education in Saudi Arabia ............................................................. 7 1.6.2.1 The education of boys .................................................................... 7 
1.6.2.2 The education of girls .................................................................... 7 1.6.2.3 Higher education ............................................................................ 8 1.6.3 Major problems faced by higher education in Saudi Arabia ..................... 10 1.7 The colleges of medicine in Saudi Arabia ............................................................. 11 1.8 Revision and evaluation of the existing medical curriculum in Saudi Arabia ..... 12 1.8.1 The first revision ........................................................................................ 12 
1.8.2 The second revision ................................................................................... 13 
1.8.3 The third revision ....................................................................................... 15 
1.8.4 The fourth revision .................................................................................... 15 
1.8.5 What do the revisions of the Saudi undergraduate curriculum show? ...... 
16 
1.9 Summary ................................................................................................................ 17 
CHAPTER TWO - The Aims of the Study 
2.1 Introduction ........................................................................................................... 19 
2.2 Significance of the Study ....................................................................................... 20 
2.2.1 Problems associated with the Lecture-Based Learning (LBL) curriculum in 
medical colleges in Saudi Arabia .............................................................. 20 
2.2.2 Are Saudi medical schools currently ready for a change? ......................... 22 
2.2.3 The relation of Saudi medical schools to the needs of the community ..... 24 
2.2.4 Why was Human Genetics chosen as a case study? .................................. 25 
2.2.5 Why was Problem-Based Learning (PBL) chosen as a potential alternative 
to Lecture-Based Learning (LBL)? ............................................................ 27 
2.3 Statement of the problem ....................................................................................... 
32 
2.4 Purpose of the research .......................................................................................... 
33 
2.5 Research question .................................................................................................. 
34 
2.6 Objectives of the study .......................................................................................... 
34 
2.7 Research hypotheses .............................................................................................. 
35 
2.8 Assumptions of the study ...................................................................................... 
36 
2.9 Structure of the research ........................................................................................ 
37 
2.10 Summary ................................................................................................................ 
40 
VIII 
SECTION II: REVIEW OF RELATED LITERATURE 
CHAPTER THREE - Review of Related Literature: Problem-Based Learning 
3.1 Introduction 
........................................................................................................... 42 3.2 The history and origins of problem-based learning ............................................... 42 3.3 Characteristics of problem-based learning ............................................. 
48 ............... 3.4 Taxonomy of problem-based learning ................................................................... 
49 
3.4.1 Conception I: The "Convenient Peg" of problem-based learning ............. 51 3.4.2 Conception II: The "Growing Web" of problem-based learning ............... 52 3.5 Implementation of problem-based learning ........................................................... 
52 
3.6 Issues involved in changing to a PBL curriculum ................................................. 
54 
3.6.1 Curriculum structure .................................................................................. 
55 
3.6.2 Assessment 
................................................................................................ 56 3.6.3 The group process ...................................................................................... 
59 
3.6.4 Facilitators 
................................................................................................. 61 
3.6.5 Problem development 
................................................................................ 66 
3.6.6 Resources 
................................................................................................... 68 
3.6.7 Cost ............................................................................................................ 69 
3.7 Theoretical foundations of problem-based learning .............................................. 70 3.7.1 Benefits of problem-based learning: real and/or perceived ....................... 71 3.8 Meta-analysis of problem-based learning .............................................................. 72 3.9 Comparison of problem-based learning and lecture-based learning ..................... 81 3.9.1 Teaching content ........................................................................................ 83 
3.9.2 Self-Directed Learning (SDL) ................................................................... 84 
3.10 The use of PBL as a methodology to provide the human genetics component in 
medical education .................................................................................................. 87 
3.11 The relevant literature base in Saudi Arabia ......................................................... 88 
3.12 Summary ................................................................................................................ 89 
SECTION III: The EMPIRICAL STUDY 
CHAPTER FOUR - Research Methodology 
4.1 Introduction ........................................................................................................... 
91 
4.2 Mixed methodology: qualitative and quantitative ................................................. 
93 
4.3 Types of instruments ............................................................................................. 
94 
4.3.1 The advantages and disadvantages of using closed items ......................... 95 
4.3.2 The advantages and disadvantages of using open-ended items ................. 95 
4.3.3 The advantages and disadvantages of using scale items ............................ 96 
4.4 Constructing the questionnaire .............................................................................. 
97 
4.5 Research hypotheses .............................................................................................. 
99 
4.6 Methods of data collection .................................................................................. 
100 
4.6.1 Demographic Questionnaire (DQ) ........................................................... 
100 
4.6.2 Attitudinal Survey (AS) ........................................................................... 
100 
4.6.3 Cognitive Behaviour Survey (CBS) ........................................................ 
100 
4.6.4 Course Evaluation Form (CEF) ............................................................... 
101 
4.6.5 Genetics Unit Examination (GUE) .......................................................... 
102 
4.6.6 Tutor Evaluation Form (TEF) .................................................................. 
103 
4.7 Description of the curricular intervention ........................................................... 
105 
Ix 
4.7.1 The general outline of the human genetics unit ....................................... 105 4.7.2 Description of the PBL problem cases used ............................................ 105 4.7.2.1 Human Biochemical Disorder (HBD) problem case ................. 106 4.7.2.2 Human Chromosomal Disorder (HCD) problem case .............. 107 4.8 PBL tutorial process .............................................. 108 .............................................. 4.8.1 Closed-Loop Problem-Based Learning (PBL) tutorial sessions .............. 108 4.8.2 LBC tutorial sessions ............................................................................... 109 4.9 Description of the tutorial group meetings .......................................................... 110 4.9.1 The first tutorial group meeting ............................................................... 110 4.9.2 The second tutorial group meeting .......................................................... 111 4.9.3 The third tutorial group meeting .............................................................. 111 4.9.4 The fourth tutorial group meeting ............................................................ 111 4.10 Preparation of the students for the study ............................................................. 112 4.11 Preparation of the tutors for the study ................................................................. 113 4.12 The pilot test ........................................................................................................ 114 4.12.1 Reliability of the instruments ................................................................... 115 4.12.2 Validity of the instruments ...................................................................... 117 4.12.2.1 Threats of validity .................................................................. . 118 . .. 4.12.2.2 Fidelity of implementation ......................................................... 119 4.13 Data analysis techniques ...................................................................... 119 4.14 ................ Summary .............................................................................................................. 122 
SECTION IV: RESULTS AND DATA ANALYSIS 
CHAPTER FIVE - Results & Data Analysis I: Quantitative and Qualitative Data 
for Pre-Clinical Students 
5.1 Introduction 
......................................................................................................... 124 5.2 Quantitative data 
.................................................................................................. 124 5.2.1 Distribution by treatment group ............................................................... 124 5.2.2 Distribution by gender ............................................................................. 124 5.2.3 Distribution by university ........................................................................ 124 5.2.4 Distribution by age ......................... .......................................................... 125 5.3 Learning experience ............................................................................................. 126 5.4 Caring experience ................................................................................................ 133 
5.5 Human genetics unit examination ....................................................................... 135 5.6 Fulfil knowledge requirement .............................................................................. 137 5.7 Problem-solving and critical thinking skills ........................................................ 139 5.8 Knowledge retention (reflection) ......................................................................... 141 5.9 Motivation and intrinsic interest in learning ........................................................ 143 5.10 Self-directed skills ............................................................................................... 145 5.11 Level of preparation ............................................................................................. 146 5.12 Learning about medicine ..................................................................................... 148 5.13 Working with patients ......................................................................................... 151 5.14 Career focusing on medicine ............................................................................... 154 5.15 Problems associated with medicine ................................................................ 156 
5.16 Course Evaluation Form (CEF) ........................................................................... 158 
5.16.1 HGU evaluation, unit format and amount of work ............................... 158 
5.16.2 Small-group experience ......................................................................... 161 
X 
5.17 Resources of information ..................................................................................... 162 5.18 PBL and LBC tutors' views ................................................................................. 165 5.19 Tutors' perception of learning method ................................................................ 166 5.20 Qualitative data 
.................................................................................................... 168 5.20.1 Pre-clinical students' responses to open-ended questions ..................... 168 5.20.2 Tutors' responses to open-ended questions ........................................... 172 5.21 Hypotheses revisited for pre-clinical students ..................................................... 174 5.22 Pre data 
................................................................................................................. 177 
CHAPTER SIX - Results & Data Analysis II:, Quantitative and Qualitative Data 
for Clinical Students 
6.1 Introduction 
......................................................................................................... 181 6.2 Quantitative data 
.................................................................................................. 181 6.2.1 Distribution by treatment group ............................................................... 181 6.2.2 Distribution by gender ............................................................................. 181 6.2.3 Distribution by university ........................................................................ 181 
6.2.4 Distribution by age ................................................................................... 182 6.3 Learning experience ............................................................................................. 183 6.4 Caring experience ................................................................................................ 190 6.5 Human genetics unit examination ....................................................................... 192 6.6 Fulfil knowledge requirement .............................................................................. 193 6.7 Problem-solving and critical thinking skills ........................................................ 195 
6.8 Knowledge retention (reflection) ........................................................................ 197 
6.9 Motivation and intrinsic interest in learning ........................................................ 199 
6.10 Self-directed skills ............................................................................................... 201 
6.11 Level of preparation ............................................................................................. 
203 
6.12 Learning about medicine ..................................................................................... 
205 
6.13 Working with patients ......................................................................................... 
208 
6.14 Career focusing on medicine ............................................................................... 
210 
6.15 Problems associated with medicine ..................................................................... 
211 
6.16 Course Evaluation Form (CEF) ........................................................................... 
213 
6.16.1 HGU evaluation, unit format and amount of work ............................... 213 
6.16.2 Small-group experience ......................................................................... 
216 
6.17 Resources of information ..................................................................................... 
217 
6.18 PBL and LBC tutors' views ................................................................................. 
219 
6.19 Tutors' perception of learning method ................................................................ 
220 
6.20 Qualitative data .................................................................................................... 
222 
6.20.1 Clinical students' responses to open-ended questions .......................... 
222 
6.20.2 Clinical tutors' responses to open-ended questions .............................. 
224 
6.21 Hypotheses revisited for clinical students ........................................................... 
226 
6.22 Pre data ................................................................................................................. 
229 
CHAPTER SEVEN - Summary of Research Findings 
7.1 Introduction ......................................................................................................... 
233 
7.2 Summary of results from pre-clinical students .................................................... 
233 
7.3 Summary of results from clinical students .......................................................... 
236 
7.4 Major findings for pre-clinical and clinical students ........................................... 
239 
7.5 Summary .............................................................................................................. 
242 
XI 
SECTION V: DISCUSSIONS 
CHAPTER EIGHT - Discussion I: Understanding Problem-Based Learning in the 
Light of the Study Results 
8.1 Introduction 
......................................................................................................... 244 8.2 Why pre-clinical students are not in favour of PBL ............................................ 
244 
8.3 PBL as educational innovation ............................................................................ 248 8.4 Margetson's "misconception" 
.............................................................................. 249 8.4.1 Separating understanding from action ..................................................... 249 8.4.2 Separating pre-clinical from clinical ....................................................... 251 8.4.3 Transitional semi-problem-based and rigorous problem-based 
curricula ................................................................................................... 251 8.4.4 Success and failure in conventional and problem-based curricula .......... 253 8.5 Summary .............................................................................................................. 255 
CHAPTER NINE - Discussion II: Supporting Arguments of other Educational 
Writers 
9.1 Introduction ......................................................................................................... 258 
9.2 What is the relationship between theory and practice? ....................................... 258 
9.3 How ought the relationship between theory and practice become a basis for 
professional education? ....................................................................................... 262 
9.3.1 Why is there a theory-practice split in professional education? ............ 262 
9.3.2 Experiential learning model .................................................................. 263 
9.3.3 Reflective learning model ..................................................................... 264 
9.3.4 Situated learning model ......................................................................... 266 
9.3.5 Contextual learning model .................................................................... 266 
9.4 Summary .............................................................................................................. 
268 
SECTION VI: RECOMMENDATIONS AND SUGGESTIONS FOR 
FURTHER RESEARCH 
CHAPTER TEN - Practice and Experiential-Based Learning Model (PEBL) 
10.1 Introduction ......................................................................................................... 
272 
10.2 A description of Practice and Experiential-Based Learning (PEBL) .................. 
273 
10.2.1 The practice [P] component .................................................................. 
275 
10.2.2 The theory [T] component ..................................................................... 
276 
10.2.3 The link [L] component ......................................................................... 
277 
10.3 Summary .............................................................................................................. 
280 
CHAPTER ELEVEN - Limitations of the Present Study and Indications 
for 
Further Research 
11.1 Introduction ......................................................................................................... 
282 
11.2 Limitations of the study ....................................................................................... 
282 
XII 
11.3 Recommendations for future research and implementation ................................ 284 11.4 Summary 
.............................................................................................................. 286 
BIBLIOGRAPHY AND REFERENCES .................................................. 287 
APPENDIX A: Instruments 
Cognitive Behaviour Survey (CBS) .............................................................................. 316 Demographic Questionnaire (DQ) ................................................................................ 321 Attitude Survey (AS) .................................................................................................... 322 Course Evaluation Form (CEF) .................................................................................... 324 Tutor Evaluation Form (TEF) ....................................................................................... 327 Genetics Unit Examination (GUE) ............................................................................... 329 
APPENDIX B: Curriculum Materials 
Human Biochemical Disorder (HBD) Problem for PBL Students ............................... 331 The Human Biochemical Disorder (HBD) Problem 
........................................... 332 
Human Biochemical Disorder (HBD) Problem for LBC Students ............................... 340 
HGU Questions for LBC Students ...................................................................... 341 
HB D Objectives ................................................................................................... 343 
Potential Learning Issues ..................................................................................... 344 
Human Chromosomal Disorder (HCD) Problem ......................................................... 347 
Human Chromosomal Disorder (HCD) Problem for LBC Students ............................ 353 
HGU Questions for LB C Students ...................................................................... 3 
54 
HCD Objectives ................................................................................................... 
356 
Potential Learning Issues ..................................................................................... 
357 
Human Multifactorial Disorder (HMD) Problem ......................................................... 
358 
HMD Objectives .................................................................................................. 
365 
Potential Learning Issues ..................................................................................... 
366 
APPENDIX C: Tutor Training Development Materials 
Tutor Training Development Programme for HGU in PBL ......................................... 
368 
Letter to PBL Tutor ....................................................................................................... 
371 
Letter to LB C Tutor ...................................................................................................... 
372 
PBL Tutorial Process Guidelines for Tutors ................................................................. 
373 
LBC Tutor Activity Schedule ....................................................................................... 
376 
PBL Tutor Activity Schedule ........................................................................................ 
378 
Student Learning Objective Sheet (SLOS) ................................................................... 
380 
Student Suggested Clinical Plan (SSCP) ...................................................................... 
381 
APPENDIX D: Student Development Materials 
Letter to PBL and LB C Students .................................................................................. 
383 
PBL Tutorial Process Guidelines for Students ............................................................. 
384 
LBC Tutorial Process Guidelines for Students ............................................................. 
387 
XIII 
APPENDIX E: Pre-test Analysis 
Pre data comparison of teaching methods (LBC and PBL) across subscales for pre- 
clinical students ...................................................................... 389 ...................................... Pre data pre-clinical LBC and PBL students' mean scores .......................................... 390 Pre data comparison of teaching methods (LBC and PBL) across subscales for 
clinical students ............................................................................................................. 391 Pre data clinical LBC and PBL students' mean scores ................................................. 392 Pre data effect sizes with 95% CIs for pre-clinical and clinical students and 
tutors .............................................................................................................................. 393 
APPENDIX F: Durham University Ethics Committee permission letter 
XIV 
LIST OF TABLES 
Table 1.1 Number of students in Saudi universities .................................................. 9 
Table 3.1 Goals and objectives: references cited .................................................... 45 
Table 3.2 Institutions that first implemented PBL .................................................. 47 
Table 3.3 Barrows's taxonomy of PBL methods (1986: 483) .................................. 50 
Table 3.4 PBL assessment tools .............................................................................. 58 
Table 3.5 PBL evaluation tools and techniques (Barrows, 1980: 115) .................... 59 
Table 3.6 The roles of a PBL facilitator, according to Barrows (1988) .................. 62 
Table 3.7 The relationship of the facilitator and educational concern .................... 65 
Table 3.8 The real and/or perceived benefits of PBL .............................................. 72 
Table 4.1 Distribution of student groups for the curricular interventions ............... 92 
Table 4.2 Cronbach Alphas for subscales .............................................................. 116 
Table 5.1 Treatment group composition by stratification factors for 
pre-clinical students ............................................................................... 126 
Table 5.2 Use of case studies ................................................................................. 129 
Table 5.3 Number of pre-clinical students who liked learning from case studies 130 
Table 5.4 Problem-based learning ......................................................................... 131 
Table 5.5 Molecular bases of genetic diseases ...................................................... 132 
Table 5.6 Chromosomal aberrations ...................................................................... 132 
Table 5.7 Other genetic diseases ........................................................................... 133 
Table 5.8 Sickle cell anaemia ................................................................................ 134 
Table 5.9 Down's syndrome .................................................................................. 
134 
................... Table 5.10 Main factors considered ..................................................... 
159 
Table 5.11 Learning expectations of pre-clinical students ...................................... 159 
xv 
Table 5.12 Format used in classes ........................................................................... 160 
Table 5.13 Amount of work for pre-clinical students ............................................. 161 
Table 5.14 Small-group experience ......................................................................... 162 
Table 5.15 LBC and PBL tutors' perception of learning method ............................ 166 
Table 5.16 Students' responses to open-ended questions by treatment group ........ 170 
Table 5.17 Students' responses to open-ended questions by treatment 
group/gender .......................................................................................... 172 
Table 5.18 Tutors' responses to open-ended questions by treatment group............ 173 
Table 5.19 Tutors' responses to open-ended questions by treatment 
group/gender .......................................................................................... 174 
Table 5.20 Number of students reporting membership of group ............................. 178 
Table 5.21 Correlation coefficients (r) between pre and post data for all subscales for 
pre-clinical students and tutors ............................................................... 178 
Table 5.22 Comparing effect sizes from residuals and random assignment............ 179 
Table 6.1 Treatment group composition by stratification factors for 
clinical students ..................................................................................... 183 
Table 6.2 Use of case studies ................................................................................. 
186 
Table 6.3 Number of clinical students who liked learning from case studies ...... 187 
Table 6.4 Problem-based learning ......................................................................... 
188 
Table 6.5 Molecular bases of genetic diseases ...................................................... 
189 
Table 6.6 Chromosomal aberrations ...................................................................... 
189 
Table 6.7 Other genetic diseases ........................................................................... 
190 
Table 6.8 Sickle cell anaemia ................................................................................ 
191 
Table 6.9 Down's syndrome .................................................................................. 
192 
Table 6.10 Main factors considered ........................................................................ 
214 
Table 6.11 Learning expectations ............................................................................ 
214 
xv' 
Table 6.12 Format used in classes ........................................................................... 215 
Table 6.13 Amount of work .................................................................................... 216 
Table 6.14 Small-group experience ......................................................................... 217 
Table 6.15 LBC and PBL tutors' perception of learning method ............................ 220 
Table 6.16 Clinical students' responses to open-ended questions by treatment 
group ...................................................................................................... 222 
Table 6.17 Clinical students' responses to open-ended questions by 
treatment group/gender .......................................................................... 224 
Table 6.18 Tutors' responses to open-ended questions by treatment group............ 225 
Table 6.19 Tutors' responses to open-ended questions by treatment 
group/gender .......................................................................................... 225 
Table 6.20 Number of students reporting membership of group ............................. 
229 
Table 6.21 Correlation coefficients (r) between pre and post data for all subscales for 
clinical students and tutors ..................................................................... 230 
Table 6.22 Comparing effect sizes from residuals and random assignment............ 230 
Table 7.1 Hypotheses supported or unsupported for pre-clinical and 
clinical students ..................................................................................... 241 
Table 10.1 Practice and Experiential-Based Learning (PEBL) model 
components ............................................................................................ 
274 
Table 10.2 Practice and Experiential-Based Learning (PEBL) model 
component relationships distributed over the six-year course ............... 275 
XVII 
LIST OF FIGURES 
Figure 1.1 Map of Saudi Arabia (Merriam-Webster Atlas, 2001) .............................. 
2 
Figure 2.1 Research process ..................................................................................... 
38 
Figure 4.1 Methods of data collection .................................................................... 
104 
Figure 4.2 Data analysis techniques ........................................................................ 
121 
Figure 5.1 Composition by university: number and percentage of 
pre-clinical students ............................................. 
125 
.................................. 
Figure 5.2 Age distribution: number and percentage of pre-clinical students ........ 125 
Figure 5.3 Pre-clinical students' perception of learning experience ....................... 
127 
Figure 5.4 Profile of learning experience across gender ......................................... 
128 
Figure 5.5 Profile of learning experience across the universities ........................... 128 
Figure 5.6 Post-exam test total for pre-clinical students ........................................ 135 
Figure 5.7 Profile of examination results across gender ......................................... 136 
Figure 5.8 Profile of examination results across the universities ........................... 136 
Figure 5.9 Fulfil knowledge requirement for pre-clinical students ........................ 137 
Figure 5.10 Profile plot of fulfil knowledge requirement across gender .................. 138 
Figure 5.11 Profile plot of fulfil knowledge requirement across the universities..... 138 
Figure 5.12 Problem-solving and critical thinking skills for pre-clinical students... 139 
Figure 5.13 Profile plot of problem-solving and critical thinking skills across 
gender .................................................................................................... 
140 
Figure 5.14 Profile plot of problem-solving and critical thinking skills across 
.............................................................. the universities ......................... 
140 
Figure 5.15 Knowledge retention (reflection) for pre-clinical students ............... 141 
Figure 5.16 Profile plot of knowledge retention (reflection) across gender.......... 142 
Figure 5.17 Profile plot of knowledge retention (reflection) across the 
universities ...................................................................... 
1 42 
XVIII 
Figure 5.18 Motivation for pre-clinical students ................................................... 
143 
Figure 5.19 Profile plot of motivation across gender ................................................ 
144 
Figure 5.20 Profile plot of motivation across the universities .................................. 
144 
Figure 5.21 Self-directed skills for pre-clinical students .......................................... 
145 
Figure 5.22 Profile plot of self-directed skills across gender ................................... 
146 
Figure 5.23 Profile plot of self-directed skills across the universities ...................... 
146 
Figure 5.24 Level of preparation for pre-clinical students ........................................ 
147 
Figure 5.25 Profile plot of level of preparation across gender .................................. 148 
Figure 5.26 Profile plot of level of preparation across the universities ................... 
148 
Figure 5.27 Learning about medicine for pre-clinical students ................................ 149 
Figure 5.28 Profile plot of learning about medicine across gender .......................... 150 
Figure 5.29 Profile plot of learning about medicine across the universities ............. 151 
Figure 5.30 Working with patients for pre-clinical students .................................... 152 
Figure 5.31 Profile plot of working with patients across gender ....................... 153 
Figure 5.32 Profile plot of working with patients across the universities ................ 153 
Figure 5.33 Career focusing on medicine for pre-clinical students .......................... 154 
Figure 5.34 Profile plot of career focusing on medicine across gender .................... 155 
Figure 5.35 Profile plot of career focusing on medicine across the universities ...... 155 
Figure 5.36 Problems associated with medicine for pre-clinical students ................ 156 
Figure 5.37 Profile plot of problems associated with medicine across gender......... 157 
Figure 5.38 Profile plot of problems associated with medicine across the 
universities ............................................................................................. 
158 
Figure 5.39 Resources of information for pre-clinical students ........................ 163 
Figure 5.40 Profile plot of resources of information across gender ......................... 164 
XIX 
Figure 5.41 Profile plot of resources of information across the universities ............ 164 
Figure 5.42 Tutors' perception of learning method for pre-clinical students ........... 167 
Figure 5.43 Profile plot of tutors' perception of learning method across 
the universities ...................... 168 ................................................................. 
Figure 6.1 Composition by university: number and percentage of clinical 
students .................................................................................................. 182 
Figure 6.2 Age distribution: number and percentage of clinical students .............. 182 
Figure 6.3 Learning experience for clinical students .............................................. 183 
Figure 6.4 Profile of learning experience across gender ......................................... 184 
Figure 6.5 Profile of learning experience across the universities ........................... 185 
Figure 6.6 Post-exam test total for clinical students ..................................... 193 
Figure 6.7 Fulfil knowledge requirement for clinical students .............................. 194 
Figure 6.8 Profile plot of fulfil knowledge requirement across the universities.... 195 
Figure 6.9 Problem-solving and critical thinking skills for clinical students ........ 196 
Figure 6.10 Profile plot of problem-solving and critical thinking skills across 
the universities ....................................................................................... 197 
Figure 6.11 Knowledge retention (reflection) for clinical students ................... 198 
Figure 6.12 Profile plot of knowledge retention (reflection) across the 
universities ....................................................................... 
199 
.................... Figure 6.13 Motivation for clinical students ......................................... 
200 
Figure 6.14 Profile plot of motivation across the universities ......................... 201 
Figure 6.15 Self-directed skills for clinical students ................................................ 
202 
Figure 6.16 Profile plot of self-directed skills across the universities ...................... 203 
Figure 6.17 Level of preparation for clinical students .............................................. 
204 
Figure 6.18 Profile plot of level of preparation across gender .................................. 204 
Figure 6.19 Profile plot of level of preparation across the universities .................... 205 
xx 
Figure 6.20 Learning about medicine for clinical students ....................................... 
206 
Figure 6.21 Profile plot of learning about medicine across gender .......................... 
207 
Figure 6.22 Profile plot of learning about medicine across the universities.......... 207 
Figure 6.23 Working with patients for clinical students ................................. 
208 
Figure 6.24 Profile plot of working with patients across gender ....................... 
209 
Figure 6.25 Profile plot of working with patients across the universities............ 209 
Figure 6.26 Career focusing on medicine for clinical students ........................ 
210 
Figure 6.27 Profile plot of career focusing on medicine across the universities ...... 211 
Figure 6.28 Problems associated with medicine for clinical students ...................... 212 
Figure 6.29 Profile plot of problem associated with medicine across the 
universities ............................................................................................. 213 
Figure 6.30 Resources of information for clinical students ...................................... 218 
Figure 6.31 Profile plot of resources of information across the 
universities ....................................................................................... 
219 
Figure 6.32 Tutors' perception of learning method for clinical students .................. 221 
Figure 7.1 Means with 95% confidence intervals for pre-clinical LBC and PBL 
students and tutors ................................................................................. 235 
Figure 7.2 Means with 95% confidence intervals for clinical LBC and PBL 
students and tutors ................................................................................. 
238 
Figure 7.3 Effect sizes with 95% confidence intervals for pre-clinical and 
clinical students and tutors .................................................................... 
240 
xx' 
LIST OF ABBREVIATIONS 
AS 
CBS 
CM 
CPBL 
CS 
CEF 
DQ 
FAMCO 409 
GUE 
HBD 
HCD 
HGU 
HMD 
KAU 
KFU 
KKU 
KSU 
LBC 
LBL 
LI 
MCQ 
MDOG 503 
MDMD 451 
MDMD 501 
MDPA 306 
MDPM 517 
MDPP 554 
MDPY 508 
MEQ 
PEBL 
Attitude Survey 
Cognitive Behaviour Survey 
College of Medicine 
Closed Problem-Based Learning 
Clinical Student 
Course Evaluation Form 
Demographic Questionnaire 
Primary Health Care 
Genetics Unit Examination 
Human Biochemical Disorder 
Human Chromosomal Disorder 
Human Genetic Unit 
Human Multifactorial Disorder 
King Abdulaziz University 
King Faisal University 
King Khaled University 
King Saud University 
Lecture-Based Case 
Lecture-Based Learning (traditional) 
Learning Issue 
Multiple Choice Question 
Obstetrics and Gynaecology 
Internal Medicine 
Internal Medicine 
General Pathology 
Clinical Pharmacology 
Paediatrics 
Psychiatry 
Multiple Essay Question 
Practice-Experiential-Based Learning 
XXII 
PB Problem Brief 
PBL Problem-Based Learning 
PreCS Pre-Clinical Student 
SCD Student-Centred Discussion 
SDC Saudi Deans Council 
SLOS Student Learning Objective Sheet 
SSCP Student Suggested Clinical Plan 
TEF Tutor Evaluation Form 
TJ Triple Jump 
XXIII 
DEFINITIONS 
Definition of Terms 
Certain words or phrases used in this study have specific and limited meanings. 
These include the following: 
Problem- (or Practice-) based learning (PBL): This term refers to a very specific 
approach to education in medicine, supported by tools designed to facilitate a 
specific teaching-learning process. It is a rigorous, structured and student-centred 
approach to learning that results from the process of working towards the 
understanding or resolution of a patient problem, a health delivery problem or a 
medical research problem (Barrows & Tamblyn, 1980: 1,10,13). Originally 
termed "problem-based learning" by Barrows and Tamblyn (1980), the phrase 
"practice-based learning, " has been introduced by Barrows (1994) to distinguish 
the use of the approach in medical education, and to remove an overemphasis on 
"problem" as a sole focus for appropriate medical education activities. A central 
feature of PBL is the role of faculty as generalists and facilitators (or tutors) 
(Adkinson & Volpe, 1994). 
Lecture-based case (LBC): This term refers to an approach to medical education 
which has been characterized as teacher-centred and subject-based, with reliance on 
lectures as well as case studies, according to Barrows's (1986) taxonomy of PBL. 
The role of faculty in the traditional approach is that of experts. 
Lecture-based learning (LBL): This term refers to an approach to medical 
education which has been characterized as teacher-centred and subject-based, with 
reliance on lectures only. The role of faculty 
in the traditional approach is that of 
experts. 
Medical education: In the context of this work, this term refers 
to the specific 
components of post-secondary education responsible 
for the training of physicians. 
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In Saudi Arabia, where this research was conducted, this term refers to a six-year 
course of undergraduate study leading to a medical degree. 
Pre-clinical education : For this research, pre-clinical education refers to the 
second two years of undergraduate coursework undertaken in Saudi Arabian 
medical schools, which is preparatory to entry into the final two years of clinical 
study. In some countries, preclinical education occurs in an undergraduate course of 
study referred to as the pre-medical (or "pre-med") curriculum, and is followed by 
four years of graduate-level medical school. 
Clinical education : In this research, the term clinical education refers to the fifth 
and sixth years of Saudi Arabian medical education, which follow completion of 
preclinical coursework. Clinical education concludes with the receipt of a medical 
degree. 
Human genetics: This term encompasses the diversity of disciplines that contribute 
to knowledge and understanding of the genetic, environmental, social and familial 
factors that interact to produce and control human variability. These include 
anthropology, psychology, the social sciences, and medicine (Davidson & Childs, 
1987: 83). 
Human genetics unit(s) (HGU): A human genetics unit is a part of the medical 
school curriculum which focuses exclusively, or almost exclusively, on educating 
students about a specific topic in genetics. A human genetics unit may be organized 
to teach about a specific genetic disorder or group of disorders, about community 
health aspects of genetic diseases, or with some other well-defined aspect of 
medical practice having a genetic foundation. Usually HGUs 
have specific 
objectives, defined in terms of student learning outcomes. In this research, 
HGUs 
will be presented as a unit offering a variety of subjects 
in the undergraduate 
medical curriculum at medical colleges. 
Key Terms: Undergraduate medical education, Saudi Arabia, Problem-Based Learning, 
Curriculum, and evaluation. 
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Section I: Context and Aim of the Study 
Chapter One 
Context of the Study: Saudi Arabia and its Medical 
Education 
Chapter One 
Context of the Study: Saudi Arabia and its Medical 
Education 
1.1 Introduction 
"Saudi Arabia needs the characteristics of modern man who is ready for new 
experience, accepts changes and looks towards the future more than the past or 
present. He should believe in education and technology and his own ability to 
improve himself' (Al-Khazim, 2003: 23). 
The Kingdom of Saudi Arabia is an independent country and was established in 1932, 
after King Abdulaziz Ibn Saud succeeded in capturing Riyadh (1902). Saudi Arabia 
(shown in white on the map below) is located in South-West Asia and comprises the 
bulk of what is commonly known as the Arabian Peninsula, bordering both the Red 
Sea and the Arabian Gulf, with the Suez Canal to the North-West border and the 
Indian Ocean to the South (figure 1.1). 
Figure 1.1 Map of Saudi Arabia (Merriam-Webster Atlas, 2007) 
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As described by Long (1997: 9), 
"Saudi Arabia is a country of startling contrast: a huge land mass with a small 
Population; a barren desert terrain situated over great oil wealth; a traditional Islamic 
society undergoing rapid modernization; a closed society that is often in the news. 
The Saudis are deeply religious, traditionally conservative, proud people who have 
been forced to make the transition from the pre-industrial to the modern age in less 
than two generations. Under the country's arid surface lie roughly 260 billion barrels 
of oil - about one-quarter of the world's proved oil reserves, and most of it for 
export. Saudi society is thoroughly Islamic and places great importance upon the 
extended family, ultimately valuing bloodlines over oil wealth. " 
1.2 Population 
The majority of Saudi Arabia's population is ethnically Arab, although there are small 
ethnic minorities originating from countries such as Indonesia, Africa, India and 
Turkey. Saudi-Arabians are considered to be extremely conservative, and follow 
Sharia law (Bureau of Near Eastern Affairs 2001). 
The last census in Saudi Arabia was conducted in 1999 with the aim of updating the 
demographic database, in order to aid the work of the Ministry of Planning and other 
researchers and to meet development plan requirements. According to the Ministry of 
Planning (1999: 495), in 1999 the total population across the country's thirteen 
administrative areas numbered 19,895,232. 
The population of Saudi Arabia is growing at a rate of 3.5% annually. Growth has 
been particularly significant in and around cities and towns, which have become the 
undoubted leaders in the country's commercial, political, cultural and religious 
arenas. This rapid economic and urban growth has meant that, whilst the majority of 
the population was nomadic or semi-nomadic until the 1960s, today almost 95% of 
the population is sedentary. For years, population growth has been placing significant 
demand on Saudi Arabia's education system, which we will come to later. 
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1.3 Religion 
The Kingdom of Saudi Arabia has always been of great importance for the world's 
Muslims, because here their two holiest cities are located: the Holy City of Makkah, 
containing the Ka'ba, birthplace of the Prophet Muhammad and home of Islam's most 
important shrine; and the Holy City of Madinah, where the Prophet established his 
first community and laid the foundations of Islam (these cities can be found on the 
map in figure 1.1). 
The state religion of Saudi Arabia is Islam, and the Holy Quran forms the 
constitution. Islam permeates every aspect of a Saudi Muslim's life and, moreover, 
every aspect of the Saudi Arabian state; an understanding of this is essential before 
one may attempt to truly understand the Kingdom's history and its political, 
economic, educational and social development (Mutabbakani, 1993). 
Indeed, the assertion of Cameron et al. (1983: 755) almost 25 years ago remains true 
today: 
"Saudi Arabia is the heartland of Islam, the guardian of the Holy places; and nowhere 
is the influence of religion felt more directly or explicitly. Theoretically, religion and 
the state are one, and the Saudi constitution is the Quran. The law is Sharia (the 
totality of the religious and moral laws of Islam) law and the principal school adhered 
to is the Hanbali School, although the other three main Law Schools of Islam are also 
recognized and respected. " 
1.4 Economy 
Saudi Arabia harbours approximately 25% of the world's oil reserves, as well as the 
fifth largest gas reserve in the world. Cautious planning within the Saudi government, 
through a number of five-year development plans, has brought great strength to the 
Saudi economy (Muttabbakani, 1993); yet this wealth has not been sufficient to 
ensure further economic development. Indeed, in the 
decade after the Gulf War of 
1991, Saudi economic growth was slow. As Cordesman (2001b: 9) has shown, 
"The data indicated that the Saudi economy grew by 9.5 % in real terms between 
1969 and 1974, by 15.5 % between 1974 and 1979, but then dropped to 6.5 % 
between 1979 and 1984. There was virtually no real growth between 1985 and 1989. 
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The sudden rise in Saudi oil revenues caused by the Gulf War led to a 3.4 % rise in 
1990 and a 6.0 % rise in 1991. Growth then averaged about one percent annually 
between 1993 and 1999. " 
To lessen the country's dependence upon oil, the Saudi government has for a decade 
promoted heavy industries (Janin, 1994), establishing two industrial cities consisting 
of huge numbers of factories for the manufacturing and petrochemical industries. 
These are situated in Jubail, on the east coast, and Yanbu on the west coast. 
The economic development of Saudi Arabia has affected all aspects of life in the 
country. Greater educational opportunity has meant a huge increase in the number of 
both male and female students; standards of living have been rising, and social norms 
changing, causing a sometimes unconscious reconsideration of traditional values such 
as loyalty to relatives and fidelity to tribal leaders. As a result of economic strength 
and improvements in education, coupled with modernization and improvements in 
services such as the security forces, a middle class has emerged within Saudi society 
(Heller and Safran, 1985). 
The speed and pressure of economic changes creates new challenges and stresses for 
educators. The pressure of increased demand on education at all levels, due to both 
demographic and socio-cultural factors, means that new ways have to be found to 
meet educational need. 
1.5 Social change in Saudi Arabia 
Saudi society is considered to be unique in having been transformed from a very poor 
to a very rich society in a period of time as short as thirty years. The 
impact of change 
in all aspects of life has received increased scrutiny in the 
last few years, and it has 
emerged that some, such as Adams (1986) and 
Al-Farsy (1990), consider the socio- 
cultural transformation of Saudi Arabia to 
have resulted directly from the pressure of 
western modernization. Yet despite these changes, most 
Saudi people remain 
conservative and religious, in accordance with 
instructions within Islam that are 
tightly embedded in society, culture and customs. 
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This interplay of tradition and change, and the emergence of new social groups within 
the society, are defining features of Saudi Arabia - and at the centre of it all is 
education. What values should govern it? How should it be made available? If 
education itself is a catalyst for change, how will it affect the social structure of Saudi 
society? Indeed, in the view of societal changes and with the advent of new learning 
methods, Saudi Arabia is now in a position to achieve an educational revolution; 
which form that revolution will take, however, is still unclear. 
1.6 The education system in Saudi Arabia 
Education in Saudi Arabia began formally in 1924 and has since been firmly under 
state control. In 1953, the government established the Ministry of Education, in 
charge of boys' education; in 1960, the Presidency of Girls' Education was 
established. This arranged study programmes and a syllabus for the education of girls 
so as to give them a clear understanding of their responsibilities towards their 
children, their home and society, whilst simultaneously satisfying the need felt in 
Saudi Arabia for highly trained women in education, health, banking and elsewhere. 
Fifteen years later, in 1975, the Ministry of Higher Education was established to 
supervise and control the universities in Saudi Arabia (whilst higher education 
institutions had already been operating before 1975, they had not previously come 
together under a formal ministry overseeing them). 
1.6.1 Principles and characteristics of the education system 
Saudi Arabia's education system follows Islamic philosophy. As stated by the 
Ministry of Education (1986: 13), the main principles and aims of the education 
system in Saudi Arabia are as follows: 
1. "Belief in Allah as the only God, Islam as the religion and Muhammad 
(may 
peace be upon him) as God's Apostle and messenger. 
2. A totally Islamic concept of life, the Universe and of mankind. 
3. Seeking knowledge is the obligation of each individual, and it is the 
duty of the 
state to provide and spread education. 
4. Recognizing women's rights to obtain a suitable education on an equal 
footing 
with men in the light of Islamic laws. 
5. Relating all stages of education to the State's general development plan. 
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6. Conscious interaction with international development in cultural fields. 
7. Using Arabic as the language of instruction at all stages. 
8. Encouraging and promoting the spirit of scientific thinking and research. " 
It is clear from the above that education in Saudi Arabia, in all its aspects, stages and 
organisations, is designed to support Islamic principles and objectives. The 
government is the main body responsible for education, and offers tuition and text 
books free to all citizens and residents at all stages of the education system. 
1.6.2 Types of education in Saudi Arabia 
The education system in Saudi Arabia consists of religious education (taught both 
formally and informally), higher education (associated with universities and colleges) 
and general education. In all Saudi Arabian educational institutions, including schools 
of medicine, males and females are educated separately. 
1.6.2.1 The education of boys 
The Ministry of Education is one of the most important ministries in the country, and 
has made significant progress. Having started with only a few schools, it now controls 
5831 elementary schools, 3008 intermediate schools and 1466 secondary schools for 
boys alone (Ministry of Planning, 1999). According to the Ministry of Education 
(2002), the stages of the general education system for both sexes are as follows: 
The stages of the general education system: 
a. Six years of elementary school 
b. Three years of intermediate school 
c. Three years of secondary school 
1.6.2.2 The education of girls 
Before 1960, education was almost non-existent for girls in Saudi Arabia, and 
although the formal education of girls was established with the creation of 
the General 
Presidency for Girls' Education in 1960, ten years later there were only 
15 elementary 
schools for girls 
in the whole of Saudi Arabia, and the education of girls remained 
controlled by common religious attitudes (Hammad, 
1973). By 1999, however, the 
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number of elementary schools had risen to 5705, with 2460 intermediate and 1384 
secondary schools for girls (The Ministry of Planning, 1999: 55-61). Then in 2002, the 
General Presidency for Girls' Education merged into the Ministry of Education, 
which was renamed the Ministry of Education and Learning (Ministry of Education, 
2002: 9). 
1.6.2.3 Higher education 
Higher education in Saudi Arabia was non-existent before 1949. The first institution 
of higher education in Saudi Arabia was the Sharia (Islamic law), established in 1949 
in the Holy City of Makkah. In 1975, the Ministry of Higher Education was 
established to supervise the implementation of the Kingdom's policy in this field. 
Now, it supervises thirteen major Universities, found in major cities and towns as 
follows in table 1.1 (Al-Khazim, 2006). 
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Table 1.1 Number of students in Saudi universities 
No. University or College Location 
Year 
Established 
Number 
of 
Students 
1 Islamic University (IU) Al-Madinah 
Al- Monawarah 
1949 6513 
2 Imam Muhammed Bin Saud Islamic 
University (IMSU) 
Riyadh 1953 35081 
3 King Saud University (KSU) Riyadh 1992 51861 
4 King Abdulaziz University (KAU) Jeddah 1975 42741 
5 King Faisal University (KFU) Dammam 1975 12832 
6 King Fahad University of Petroleum & 
Minerals (KFUPM) 
Dhahran 1970 9639 
7 King Khaled University (KKU) Abha 1980 16966 
8 University of Umm Al-Qura Mecca 1980 24353 
9 University of Qasim Qasim 2002 500 
10 University of Taiba Al Madinah 
Al Monawarah 
2002 450 
11 University of Hail Hail 2005 None yet 
12 University of Jezan Jezan 2003 400 
13 University of Jouf Jouf 2005 None yet 
Statistics according to the Arab Political Magazine Online in 2001 showed that there 
were: 
"20,000 members of teaching staff at eight universities which are located in different 
parts of the country, teachers training colleges and technical and health colleges. 
The 
number of university colleges now amounts to 72" (Ain-Al-Yaqeen) 
Since 2001, as can be seen in table 1.1, five more universities have been established 
in 
Saudi Arabia. 
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According to Al-Ankary (1998), Minister of Higher Education in Saudi Arabia, Saudi 
higher education policy is as follows: 
1. All citizens in Saudi Arabia are to get the same opportunities in higher 
education, without any discrimination, according to the individual's 
potential and actual abilities. 
2. Universities and colleges will concentrate on scientific research in all 
fields, whether theoretical or applied. This improves work carried out in 
the social services, research and publication. 
3. Both male and female students in Saudi Arabia have the opportunity to 
continue their higher education without charge, in all subjects and at all 
levels. 
4. The Saudi government's aim is to evaluate higher education and its 
contribution to every stage of the country's development. 
5. Higher institutes and universities are to use available methodologies for 
the evaluation of programmes, administration and equipment in order to 
continue achieving top results in scientific research. 
Most of the faculty staff in Saudi Arabian universities received their degrees from 
Western countries, such as the United States, the United Kingdom, Germany, and 
France, and are keen to promote the modernization of their society while maintaining 
the Islamic religion and Saudi traditions. 
1.6.3 Major problems faced by higher education in Saudi Arabia 
As a result of demographic changes, higher education in Saudi Arabia is currently 
encountering a very serious problem: the increasing number of secondary school 
graduates who wish to continue their education. If universities and other higher 
education institutions absorb too large a number of students, implications upon 
university resources may eventually lead to poorer quality graduates in some subject 
areas (Al-Khazim, 2006). 
As shown by the 8th Five-Year Development Plan (2005-2009), to solve this problem 
the government opened ten universities and a number of community colleges in 
various Saudi Arabian cities (Jizan, Hail, Tabuk and Hafralbatin). Further proposals 
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and solutions to this problem have evolved through the intensive efforts of both public 
and private sector organisations to establish new higher institutions (Ministry of 
Planning, 2005) 
These private universities concentrate on the medical and health sciences and are 
intended to absorb the large numbers of school leavers who cannot find places in state 
universities. They are intended to keep Saudi students in the country, for too many 
have sought education abroad in other Middle Eastern countries. Saudi Arabian 
universities now absorb a significant two thirds of secondary school graduates 
(Ministry of Planning, 2005). 
Deciding to train as a doctor has become a respectable and prestigious career choice 
(Al-Sibai, et al., 1989). There is considerable demand upon secondary school 
graduates to be admitted into one of the Colleges of Medicine in Saudi Arabia, and 
extreme competition for places. Admission requirements include secondary school 
marks, entrance examinations in the sciences and in English, and an interview, 
following which students are admitted depending on the number of points thus 
accumulated. 
1.7 The colleges of medicine in Saudi Arabia 
Research for this study was conducted at Saudi Arabia's four oldest colleges of 
medicine: King Saud University (KSU) Medical College, established in 1969; King 
Faisal University (KFU) Medical College (1975); King Abdulaziz University (KAU) 
Medical College (1975); and King Khaled University Medical College, established in 
1982 (Al-Khazim, 2006). These were chosen for research purposes to represent 
medical education in Saudi Arabia because they are the oldest and have produced the 
most graduates. 
Since 2002 a further nine colleges have been established and these are: Umm-Ul Qura 
(Mecca), Taif City and Taiba (Madinah city) in the western region; Al-Qasim, King 
Saud for Health Sciences (Riyadh) and King Fahd Medical College (Riyadh) in the 
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central region; Hail in the north-eastern region; King Faisal (Al-Hassa) in the eastern 
region; and Najran (Jezan) in the southern region (Al-Khazim, 2006). 
The colleges of medicine are in addition to eleven other universities and higher 
education institutions, which serve more than 2.5 million students in Saudi Arabia 
each year. In 2005, the colleges of medicine received in total more than 4,950 
students and were served by 829 faculty members with a student: staff ratio of 12: 1. 
In addition, approximately 1,021 students enrolled at colleges of medicine, of which 
492 were male and 529 female. Since 1969, a total of 4,550 students have graduated 
from higher education, 3,330 of these male and 1,220 female (Al-Khazim, 2006). 
Currently in Saudi Arabia, all medical schools use LBL as their curricular system. 
This traditional and teacher-centred (Harden, 1986) curricular system has been 
adopted, based on the experience and documented literature of the UK and USA, 
since the first medical school was established in Saudi Arabia in 1969 (Al-Khazim, 
2003). 
Yet LBL curricula have not always produced satisfactory results. Acknowledgement 
as such and investigation into the matter led to revisions of the medical curriculum in 
Saudi Arabia, which are described in section 1.8. 
1.8 Revision and evaluation of the existing medical curriculum in Saudi 
Arabia 
1.8.1 The first revision (El-Mouzan et al., 1991: 4) 
Premedical examination results for the first two classes (1981 and 1982) showed a 
70% failure rate in some subjects, calling for a review of all aspects of the curriculum. 
Several committees were assigned to this task, interviewing individual students, 
faculty members and department heads. It was found that English 
language 
proficiency among the students was below the required standard, and that time 
assigned to premedical and basic science courses was not adequate to cover material 
that students needed for a good understanding of preclinical and clinical subjects. 
As a 
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result, the subsequently revised curriculum placed more emphasis on English 
proficiency, physics and biology 
However, the more important change in the curriculum was the replacement of the 
annual system with the credit hour/semester system, allowing different students to 
proceed at different paces, according to their abilities. With supervision and advice 
from faculty members, each student could now register for an appropriate course load, 
varying within specified upper and lower limits, with each student required to 
maintain a cumulative grade average equivalent to about 65%. This system allowed 
candidates the flexibility to graduate within either 7,8,9 or 10 years of beginning 
their medical studies, the importance being placed on good results rather than on 
course length. 
For a curriculum to produce good results, it must be followed by high-quality students 
and high-quality faculties. Therefore, the schools of medicine looked carefully at both 
students and faculties that had not been producing good results and then established 
appropriate selection systems for student admission and faculty appointment, 
encouraging ongoing assessment. As a result, student performance improved, with a 
drop in failure rate from 20% to 15%. 
This revised curriculum was followed for 5 years before the call for yet another 
review became necessary. 
1.8.2 The second revision (Al-Awdah et al., 1994) 
The need for a second revision was triggered mainly by the clinical faculty and, to 
some extent, by the students themselves, for the following reasons: 
1. The time assigned to clinical and preclinical subjects was not well 
balanced; the latter were getting more time at the expense of the former. 
2. The subject load in the basic sciences and pre-clinical stages was 
distributed unevenly. 
3. New courses were needed to keep up with recent trends in medical 
education. 
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4. There was a need to eliminate as much as possible unnecessary repetition 
and duplication, which then existed between some courses. 
5. Prerequisites were in many cases unrealistic and obstructive to students' 
registration for even the minimum required subject load. 
Several subcommittees were formed in order to take a closer look at the issues raised. 
Each subcommittee consisted of faculty members representing departments offering 
closely-related courses, and was expected to assess the problems in order to determine 
the needs and work backwards. 
The subcommittees identified what a practicing physician should be able to do 
competently at the end of the student training and, on this basis, decided what should 
be included in the premedical basic sciences and pre-clinical courses. In particular, 
each committee was requested to ensure that contents were relevant to course 
objectives and that the latter eliminated unnecessary repetition and allocated time thus 
saved to strengthen the curriculum. The committees then submitted plans and 
proposals for improvement of the curriculum. 
Feedback from final year students and interns was obtained through an open-ended 
anonymous questionnaire, in which each candidate was required to give honest views 
on the following items: 
1. Year(s) with overcrowding of courses 
2. Courses not appropriate to the medical curriculum 
3. Courses assigned more contact hours than necessary 
4. Courses that needed more time in order to be covered adequately 
5. Courses that contained similar subject matter, resulting in unnecessary 
repetition 
6. Courses that needed to be added to the curriculum 
7. Courses that needed to be deleted 
Results indicated a need to reduce the time previously assigned to premedical basic 
sciences and preclinical subjects by the equivalent of nearly one 
full semester, which 
was then dedicated to clinical subjects. The distribution of the course 
load over the 
14 
semesters became more even, and prerequisites for subject registration were reduced 
to those absolutely required. 
The new curriculum offered a good spectrum of electives, each of whose objectives 
and content were revised in order to ensure relevance to medical practice. The 
curriculum retained its duration of 6 years plus a year's internship, modifying the 
latter to include one compulsory month of primary healthcare, leaving one month for 
an elective. The total number of credit hours in the new curriculum was 228, as 
opposed to the 254 of the previous curriculum, students benefiting from time saved 
for private study. 
In the pre-clinical phase, successful completion of all courses was emphasized as a 
necessary prerequisite to the clinical phase. 
1.8.3 The third revision (Al-Muhanna, 2000) 
Despite the measures taken to improve students' results, it became obvious that many 
of them were unable to attain the minimum required grade average. Consequently, 
this required average was reduced to just 40%; but even that did not help all students. 
Curriculum planners noted that students were taking the minimum possible course 
load without utilizing their free time appropriately, thus prolonging their stay in the 
college unnecessarily. 
As a result, the curriculum was revised for the third time. Courses were again 
adjusted, with appropriate deletions, additions and augmentations. The semester 
became based on days instead of hours, and evaluation became based on the whole 
year's work instead of on termly exams. Furthermore, students who failed in a subject 
could take a resit examination in the summer without repeating the course as had been 
previously required. 
1.8.4 The fourth revision (Al-Muhanna & Lutfi, 2002) 
The fourth revision of the medical education curriculum came in late 1999, 
confirming the idea of curriculum reform as a continuous process. The curriculum 
committee of Medical Colleges in Saudi Arabia once again modified courses and 
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adjusted contact time. After this reform, six guidelines were formulated which unified 
all Medical Schools. 
1.8.5 What do the revisions of the Saudi undergraduate curriculum show? 
It is interesting to note that the curriculum is similar to that of other Medical Schools 
throughout the world, and shares many of the same problems (Lowery, 1993: 77-80). 
These four revisions in many ways broke substantially from the LBL pattern. There is 
still, however, a major case for suggesting that medical education in Saudi Arabia is 
somewhat problematic educationally, but from the available evidence it is unclear 
precisely what the cause of the problem is. It seems likely that the problem is located 
in the premedical, basic sciences and preclinical years, which is particularly 
problematic since it is during this time that most of the theoretical teaching occurs and 
students first begin to use their knowledge in a theoretical setting. 
Each of the studies reported has criticized the preclinical phase most severely, largely 
due to the poorly managed transition between the pre-clinical and clinical phases. 
In the light of this, it would seem reasonable to ask the following questions: 
" What is the alternative choice for medical education in Saudi society? 
9 Is the Saudi student learning differently in the light of recent changes to 
culture and traditional values? 
" Will institutions accept a continued process of change to the curriculum? 
" How easy is it for them to do this? 
9 Is it right to apply a unified curriculum to Medical Colleges located in 
different regions of Saudi Arabia? 
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1.9 Summary 
This chapter has set out a history of education and, more specifically, medical 
education in Saudi Arabia, in the context of the country's economy and its changing 
demography, culture and societal values. The traditional lecture-based approach to 
medical education was explained, followed by a description of the four curriculum 
revisions that occurred in Saudi medical education between 1990 and 2002. 
It appears that another revision of the curriculum is now needed, this time in order to 
link together the various phases of the curriculum, so that knowledge from lecture- 
based theoretical teaching may be successfully brought into the clinical phases 
through improved retention of knowledge that allows what has been learnt to be 
applied in practical settings. It is also clear that these teachings need to be more 
applicable to a changing society in order to ensure that future physicians can 
effectively fulfil their role within that society. 
This thesis will aim to review new teaching methods and to investigate how they 
might be applicable to the Saudi undergraduate medical curriculum. The specific aims 
and objectives of the study will be outlined in the following chapter before a 
comprehensive review of alternative teaching methods and their successes is 
examined. 
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Section I: Context and Aim of the Study 
Chapter Two 
The Aims of the Study 
Chapter Two 
The Aims of the Study 
2.1 Introduction 
Medical education, the focus of this study, constitutes the training of health care 
professionals and is a popular career choice all over the world. Medical students 
become highly qualified, well motivated and respected, which unsurprisingly leads to 
a high level of competition for places on medical courses (Thomas, 1997). Medical 
science and therefore its education is continually evolving, incorporating cutting-edge 
technology and making it one of the more expensive forms of higher education 
(Lowery, 1993; Al-Gendan, 1998). Due to this, the fundamentals of teaching 
medicine, alongside its curriculum must also be continually reviewed in order that it 
remains up to date. 
Undergraduate medical education within Saudi Arabia has been nationally established 
since 1969, and since this time a small amount of literature has been collected and 
reviewed which indicates that the LBL (Lecture-Based Learning) approach to 
teaching has not always proved successful (Coles, 1985a). Using this technique 
students have become overloaded with the substantial amounts of information they 
need to learn and process (Kassimi, 1983; Coles, 1995), and fail to see the relevance 
of what they are being taught (Salvatori, 2000). A number of students lose motivation 
(Botelho, 1990; Mann et al., 1999) and find the transition between pre-clinical and 
clinical medicine demanding, becoming unable to recall and apply techniques they 
have previously learned (Azer, 2001; Al-Shehri, 2001). 
Within the past three decades a number of alternatives to the LBL method of teaching 
medical education have begun to emerge (Barrows & Tamblyn, 1980). One of the 
most popular of these techniques is called Problem-Based Learning, or PBL. This 
approach to teaching the medical curriculum has been used in North America, Europe, 
Middle East and Asia ( Kufman, 1996), and within these areas it became so successful 
19 
that it has been adopted by more than one hundred medical schools throughout the 
world ( Jayawickramarajah, 1996). 
In response to this, a number of questions need to be asked of the heavily-criticized 
undergraduate curriculum in Saudi Arabia's medical schools (Al-Umran, 1996; Al- 
Shehri, 2001): 
" Is there a need for change within the Saudi medical curriculum for the 
reasons mentioned above? 
" Can Saudi medical schools and their students adopt PBL? 
" Are the outcomes expected of the learner in a PBL setting applicable to 
students from different cultural upbringings? 
The leaders of Saudi medical education want to know the causes behind the problems 
associated with the undergraduate curriculum and whether the various alternatives are 
worthwhile (Milaat and El-Gamal, 1994; Al-Shehri, 2001). Do PBL curricula 
alleviate these problems, and is it really true that students learn what they need to 
know more effectively and efficiently as a result of one curriculum arrangement over 
another? 
PBL has been recommended by medical educators worldwide but has not been 
formally evaluated in Saudi Arabia. This study aims to evaluate the experimental 
introduction of PBL to undergraduate medical education in Saudi Arabia, using a 
module on human genetics as a case study. To accomplish this, an in-depth study of 
the PBL curriculum approach will be conducted, whilst investigating the most 
efficient and effective ways of implementing a PBL curriculum. 
2.2 Significance of the study 
2.2.1 Problems associated with the Lecture-Based Learning (LBL) curriculum 
in medical colleges in Saudi Arabia 
The Kingdom of Saudi Arabia has made medical education a high priority (El-Hazmi, 
1996). As mentioned in Chapter One, in Saudi Arabia there are at present ten colleges 
of medicine within thirteen universities. 
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Medical colleges located in Saudi Arabia present a curriculum where LBL has been 
used as a teaching method for the past three decades (Al-Muhanna, 2000). The 
undergraduate medical curriculum is identical in all colleges and takes six years to 
complete. High school students are required to meet admission pre-requisites before 
being accepted onto the course at the age of 18. The curriculum has been divided into 
four stages as follows: 
Stage 1: Pre-medical Phase 
Stage 2: Basic Sciences 
Stage 3: Pre-clinical Phase 
Stage 4: Clinical Phase. 
Upon successful completion of the course, students graduate with an MBBS 
(Bachelor of Medicine and Surgery) degree, after which they are obliged to complete 
a compulsory internship programme for a period of no less than one year. 
Instructional methods include lectures, tutorials and practical sessions. Student 
evaluation is based on continuous assessments throughout each semester, in the form 
of written / practical work and oral examinations, as well as on the final examination, 
which is split into written, practical and oral sections and includes multiple choice 
questions, true or false questions and short- and long-answer essays (Al-Sibai et al. 
1989)). 
During recent years, several problems were noticed in relation to LBL, and these are 
summarized below. It is thought that these problems could have an adverse affects on 
the students' performance (El-Muzan et al., 1990; Al-Awdah et al., 1994; El-Hazmi et 
al., 1996; Al-Muhanna, 2000). 
Problems in the traditional curriculum include: 
" The undergraduate curriculum has a factual overload of knowledge. 
" Students have difficulty with conceptual `thinking in English'. 
" LBL lacks integration and synchronization of the preclinical subjects with 
the clinical sciences. 
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" Students rely heavily on gaining the required information through lectures, 
and the ability to direct one's own study habits independently is not 
sufficiently addressed. 
" It has been noticed that there is too much compartmentalization of the 
student's knowledge and too little integration throughout the curriculum. 
The curriculum setup relies heavily on a hospital setting, rather than 
involving problems of community disease. 
The question to be asked is this: Is it the right time for Saudi medical education to 
face these problems and change in order to meet the needs of both the students and the 
community? 
2.2.2 Are Saudi medical schools currently ready for a change? 
"Saudi Universities have to take on the role of training our students in self-learning 
and the research of information, and investing this into a solution to the Saudi 
community problem" (Al-Khazim, 2006: 59). 
In addition, several national reports - mainly from educators within Saudi's medical 
colleges - have addressed the need for a re-evaluation of the existing medical 
curriculum. As Al-Gendan et al. (1998: 230) states: 
"Several surveys were carried out in the college of medicine at King Faisal 
University to see if any form of change was needed and to examine some of the local 
trends. The study also showed that more than 70 % of the surveyed faculty supported 
some form of change. " 
At the First Scientific Conference of the Monarch of Medical Education in Saudi 
Arabia in 2004, the Ministry of Higher Education stated: "It is time to implement the 
innovative experiences on medical education and curriculum development" (Al- 
Riyadh Newspaper, 2004). 
Chapter One mentioned the various ongoing curricular evaluations and modifications 
in Saudi medical education. PBL has not yet reached Saudi Arabia, but has been 
tested by some schools elsewhere in the Middle East. Generally, very few medical 
schools in the Middle East are accepting PBL techniques, 
but there are some - Gezira 
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and Juba in Sudan (Magzoub, 1993), the College of Medicine and Medical Sciences 
of the Arabian Gulf University (Jayawickramaragh 1996), and the Suez Canal 
University, Ismailia, Egypt (Refaat and Nooman, 1989), for example - which are 
considered among the pioneers of PBL teaching methods. Within these colleges, the 
PBL approach had as its primary goal the alignment of medical training programmes 
with the health needs of their respective communities. 
A review of the curriculum can be dictated by the social, cultural, demographic and 
economic changes that have taken place in society and, with these changes in mind, 
ways in which the current curriculum is deficient can be identified. According to Al- 
Gindan et al. (1998), Saudi universities and colleges should be willing to significantly 
change their own character as a reflection of the change in the character of those for 
whom they exist. Yet Al-Gindan et al. (2000) thought the action and reaction process 
to be slower between universities and society in Saudi Arabia at than was the case in 
other countries. 
Al-Kuwaiti (2007) found ten publications addressing changing issues and 
emphasizing problems related to the curriculum in the Saudi Medical colleges. These 
ten publications uniformly agreed on the existence of problems within the current 
curricula, including problems of an overcrowded curriculum, overrepresentation of 
some subjects, and dissociation between basic and clinical sciences. All of these 
factors are to some extent behind recent changes in Saudi medical colleges. 
Having looked the Saudi curriculum through, Al-Gindan et al. (1998: 229) decided: 
"Many scientific, socioeconomic and regional changes have prompted the 
examination of the curriculum in medical schools. Some faculty members considered 
the curriculum obsolete and thought that it needed fundamental changes that should 
include not only course content but also course objectives, duration, teaching 
methodology and evaluation methods. Though the objectives were appropriate they 
required some change in the course contents with the 
introduction of newer subjects 
and omission of older non-utility subjects. " 
Saudi Medical Colleges need to change their curriculum to incorporate some of the 
new methods and approaches. But it would not 
be right to simply leave behind their 
previous developments and educational tools. 
Instead, each medical college should 
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look at the strategies suggested and decide which could be appropriately adopted. Is it 
possible to adopt a community-based approach and at the same time keep a teacher- 
centred curriculum? Is it possible to introduce PBL whilst maintaining a discipline- 
based approach? 
It is time for the kind of changes that have been internationally adopted and nationally 
requested as well as recommended. In which ways can we begin to make changes 
within medical colleges in Saudi Arabia? Which methods can we adopt in order to 
achieve the purposes of education? 
2.2.3 The relation of Saudi medical schools to the needs of the community 
The main objective of medical schools is to provide a society with competent 
physicians who are aware of societal needs and of practices within the realms of 
medical ethics. As Al-Umran (1996: 10) highlights, "medical education must be 
responsive to the changing needs of the community it seeks to serve in the field of 
undergraduate teaching. " Al-Mulhim and Al-Kuwaiti (2002: 55) also emphasize that 
"with the increase of immigrant population, the advent of new diseases and medical 
problems we need to have a revision of the medical curriculum accordingly. " 
However, Al-Sebai et al. (1982: 3) note that traditional curricula do not always allow 
medical schools to meet this objective: 
"A gap has developed between the training provided for physicians and the real 
health needs of many countries. Throughout the Middle East infectious diseases and 
malnutrition, etc., are the major factors which cause health problems. Traditional 
medical schools follow curricula which do not prepare their graduates for these 
problems. " 
In addition, the curriculum stresses clinical subjects at the expense of medical 
vocational skills; the part devoted to psychiatry and psychology is too formal; and 
courses on communication skills and attitude are often insufficient or lacking. Some 
subjects, including medical ethics, economics and information technology, have still 
not been introduced in some Saudi medical colleges (Al-Kuwaiti, 
2007). 
Can health care for the community be achieved through medical education? Which 
subjects need to be developed 
in the curriculum so as to train doctors for the 
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fulfilment of community needs? Does each country have health problems particular to 
itself that must be emphasized by medical curriculum? How are methods of teaching 
medicine related to the needs of the community? 
A case study involving the instruction of human genetics will be used in order to 
answer some of these and previous questions. 
2.2.4 Why was Human Genetics chosen as a case study? 
The subject of human genetics deals with biological development and variation 
through the life cycle (Graham et al., 1989), and its principles are considered 
fundamental to both biology and medicine (Wright, 1958; Childs, 1990). 
In the past, the fields of epidemiology, obstetrics, paediatrics and public health in 
medical practice have been those which most obviously incorporated and reflected 
developments in genetics. It is of particular relevance for this work, however, that 
recent discoveries and advances in molecular technology - most notably recombinant 
DNA technology - have begun to provide genetics with tools to begin understanding 
human disease within all medical subspecialties and across all age groups. As 
Nooruddin et al. (2004: 1181) states, "as each of these medical specialties begins to 
integrate this emerging technology, the field of human genetics clearly has the 
potential to provide a paradigm for medical education as a whole. " 
Following a ten-year study conducted for the London-based General Medical Council 
Education Committee, Davidson (1988) outlines major deficiencies in the teaching of 
genetics in a number of UK medical schools. Following this, Harris et al. (1990: 750) 
conducted a survey of teachers in Britain's 28 medical schools, finding likewise that 
"the teaching of genetics was variable [in the UK]. " Harris states that "teaching was 
given by many departments and was generally of unknown quality or clinical 
relevance. " 
On the basis of the full findings of Harris's survey, the British Royal College of 
Physicians formulated a series of specific recommendations, advising more curricular 
content on genetics in both clinical and pre-clinical medical education courses. 
They 
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also recommended greater involvement of clinical geneticists in teaching and in 
curriculum coordination. 
Investigations into genetics instruction in North America and the United Kingdom 
were to a large extent driven forward by the Report of the Task Force on Teaching 
Human Genetics in North American Medical Schools. This Task Force was convened 
by the Information and Education Committee of the American Society of Human 
Genetics (ASHG) and charged with the responsibility of examining the "challenge of 
teaching human genetics in medical schools and reporting back to the ASHG Board of 
Directors with recommendations as to how the ASHG might improve this teaching" 
(Graham et al., 2004: 1181-1182). The issues considered by the Task Force were 
shaped by a report by Riccardi and Schmickel, published in 1988, as well as by the 
guidelines of the Association of American Medical Colleges (AAMC, 1984: 20-22). 
The curriculum issues related to LBL, as identified by the ASHG Task Force, 
included: 
1. A lack of human genetics teaching resources in many medical 
schools. 
2. The need for vertical integration of human genetics teaching 
through all four years of medical school. 
3. Competition for student contact hours in a setting of decreasing 
lecture hours and increasing need for small-group interactions. 
4. A need for appropriate evaluation techniques. 
5. Identification of faculty experts and materials. 
6. Identification of a minimum core curriculum. 
7. Identification of implementation strategies. 
Most importantly, the question to be answered is this: 
" Is information about human genetics communicated effectively to pre- 
clinical and clinical students enrolled in LBL world-wide? 
Unfortunately, little data exists upon which to base a response. Assessments of the 
specific information on human genetics 
included in the medical curricula and of the 
methodologies being employed to communicate 
this information are scarce, 
particularly outside Western cultures. 
Evaluations of how genetics training is used by 
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medical practitioners, or how successfully particular teaching methodologies are 
being employed to convey this information within medical curricula individually are 
even less numerous. 
Saudi Arabia is a country with a large number of genetically-related diseases, due at 
least in part to the homogeneity of the population and cultural tradition as in marriage 
that will enhance the probability of hereditary disorders (El Hazmi, 1993). Yet the 
current medical curriculum has failed to introduce the teaching of human genetics or 
to increase awareness of the relevance of the subject to society (El Hazmi, 1993). This 
is why human genetics was chosen within this thesis as a case study for the 
exploration of the PBL method. 
However, before improvements are made to the curriculum, certain questions need to 
be considered, including: 
" How will genetics fit into a holistic approach which might be designed 
when to responding to community need? 
" What kind of educational methodologies should be adopted in order to 
meet the needs of the Saudi community? 
" Is the community-problem-based curriculum suitable for the teaching of 
medical students in Saudi Arabia? 
2.2.5 Why was Problem-Based Learning (PBL) chosen as a potential 
alternative to Lecture-Based Learning (LBL)? 
The focus of this investigation was to evaluate PBL as an innovative teaching method 
through applying it practically within Saudi medical education, rather than a more 
theoretical evaluation of PBL (Hmelo-Silver, 2004; Johnson & Finucane, 2000). This 
section aims to demonstrate why PBL has been chosen for evaluation within Saudi 
medical schools. 
In 1993, the General Medical Council recommended that the medical curriculum be 
modified. Recommendations included: 
1. Incorporating scientific knowledge 
2. Promoting independent learning and problem-solving 
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3. Evaluating the student ability to learn independently 
4. Reducing contact time and lecture hours 
5. Appropriate methods of research on the effectiveness of PBL 
(Vernon and Blake, 1993). 
PBL methods have since been adopted by various medical schools, because they 
appear to meet these requirements. In PBL, students study a constructed problem that 
activates prior knowledge and then requires further study in a continual process of 
self-directed learning and small-group discussion. Problems set are kept as close as 
possible to reality, thus allowing learning to occur in context and minimizing the gap 
between what is taught in the lecture and actual practice. This can improve 
motivation, encourage self-directed learning, promote the use of knowledge in a 
clinical context (Azer, 2003), cause less stress and increase enjoyment of learning 
(Kaufman et al., 1989; Albanese and Mitchell, 1993; Azer, 2003). According to 
Kaufman (1985), students associate PBL with new ideas, ambiguous situations and 
interaction with others. Norman and Schmidt (1992) believe that PBL methods help 
students to retain knowledge gained and thus to perform better in examinations as 
well as in practice. 
In a comparison of LBL and PBL strategies, Coles (1985a: 308-309) state that: 
"Traditional teaching seeks to build a package of knowledge by placing blocks 
together and on top of each other until a predetermined structure is completed -a 
structure which is assumed to provide the students with an understanding of the 
`whole'. In the problem-oriented approach ... the composite problems are 
first 
present before broken down into their various components and dimensions, 
in a 
search for relationships and structures as part of that exploratory process. 
By 
applying this carefully as a study technique, students learn to appreciate that, while 
all parts are of some importance for understanding a totality, some may 
be more 
important than others and the time may come when something which may now 
appear as of secondary importance, later has to be restudied 
in depth for possible 
explanations and solutions not considered in the 
first place. " 
Problem-based learning (PBL) is based on both curriculum and instructional designs; 
whilst the curriculum design refers to what is offered, the 
instructional design refers to 
how that material is presented to the students (Barrows and Tamblyn, 
1980). 
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Throughout this study, instructional design is considered as a sub-set of the 
curriculum design that is an integral part of the PBL process. 
Thus PBL is a curriculum design that presents students with problems from fields of 
practice as stimuli for learning, with the assumption that knowledge will arise as a 
result of working on the problem (Barrows and Tamblyn, 1980; Boud, 1985; Azer, 
2001). In PBL, self-directed learning is motivated by a need to resolve patient 
problems, which are encountered in both real and simulated clinical settings, 
providing valuable clinical experience at an early stage in the student's training 
(Barrows, 1994). 
Mayo et al. (1993: 28-30) note that 
"Problem-based learning is an educational strategy for posing significant, 
contextualized, real world situations, and providing resources, guidance, and 
instruction to learners as they develop content knowledge and problem-solving 
skills. " 
With PBL, the passive delivery of information is almost completely eliminated 
(Coles, 1998; Norman, et al., 2000). Instead, students are placed in small groups of 
five to eight people, and each group is assigned one or two faculty members whose 
function it is to facilitate group discussion. The students must learn not to rely upon 
the facilitators to teach the topic being discussed, as they may not necessarily be an 
authority on that particular topic (Barrows, 2000). 
The object of each group meeting is not to diagnose the case, but to identify what are 
called "learning issues"; that is, topics for further independent and/or group study. 
Students then work independently on their learning issues before the next meeting, at 
which time the new information is discussed and refined in the context of the case 
(Barrows, 1994; Dolmans, 1997). If necessary, further learning issues are then 
identified and studied. This particular programme is designed to provide an 
environment in which a learning of the basic sciences will 
be approached with 
considerably more enthusiasm than under the lecture system 
(Colliver, 2000). 
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With a PBL approach to the basic sciences, it is also hoped that the students will feel 
more comfortable and confident in dealing with uncertainties and with the general 
challenge of solving clinical problems. Consequently, the students should be better 
prepared to enter the clinical phase of their education (Colliver, 2000; O'Neil, 2002; 
Dolman, et al., 2005). 
The intention is that students learn both trust and responsibility as active members of 
the group, becoming comfortable with both receiving and giving criticism, with 
having their position questioned without taking it personally, and with questioning 
without fear of threatening others. The small-group process also provides valuable 
practice in sharpening students' clinical reasoning skills (Wilkerson, et al., 1991; 
Norman et al., 2000; O'Neil, 2002). 
Educators have set out an ideal philosophy for PBL to be represented in medical 
education (Barrows, 1994; Vernon and Blake, 1993; Dolmans, 1997; West, 1998; 
Davis et al., 1992). According to this ideal, the main objective of a PBL curriculum is 
to foster the educational and personal development of medical students who will then: 
" Take personal responsibility for learning, both during and following 
formal medical training. 
9 Command a relevant knowledge base characterized by depth, breadth and, 
most of all, flexibility. 
" Be skilled in the critical evaluation and acquisition of new knowledge, 
with a commitment to life-long learning. 
" Be proficient at clinical reasoning. 
" Have good interpersonal skills. 
" Be better prepared for entry into clinical clerkships. 
The approach used in order to achieve these objectives will: 
" Shift the emphasis of the programme from teaching to 
learning, by 
requiring students to be active, independent and self-directed 
learners; to 
be problem solvers rather than passive recipients of information. 
" Emphasize the development of attitudes and skills which stress the 
acquisition of new knowledge rather than the memorization of existing 
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knowledge, by limiting the amount of factual information that students are 
expected to memorize. 
" Provide a small-group environment, within which the students can work 
co-operatively to solve common problems in an analytical way, with 
faculty staff that facilitate the discussion rather than teach. 
Thus it appears that PBL amply meets the learning skills recommendations set forth 
by the General Medical Council, at the same time providing an enjoyable and 
successful education. This is why this study has chosen to investigate PBL rather than 
any other teaching method. Indeed, numerous authors and institutions have 
recognized the significance of PBL and have increasingly researched, experimented 
with and implemented it. 
A variety of literature about PBL was reviewed during the 1990s, and research was 
carried out in order to prove that PBL really did have advantages over LBL (Norman 
and Schmidt, 1992). In particular, it was discovered that PBL helped students with 
both self-directed and contextual learning. Firstly, the activation of prior knowledge 
through the study of problems aided constructive and collaborative learning, and 
secondly, learning in context was found to stimulate practical application of 
knowledge and to motivate self-directed and lifelong learning for the students. 
Norman and Schmidt (1992) found that students prefer PBL because they are more 
able to transfer concepts to new problems. Furthermore, when PBL graduates 
compared themselves with colleagues taught according to conventional curricula, they 
noted greater improvement in their own teamwork skills, analytical skills and 
organisation, as well as in their ability to run meetings and to work independently 
(Schmidt, 1998). Teachers have also found PBL a rewarding educational method 
(Albanese and Mitchell, 1993). 
Literature reviews conducted since the year 2000, however, have not been so positive 
about PBL. In a review of eight studies comparing curriculum tracks in the 1990s, 
Colliver (2000) concludes that there is not sufficient realistic evidence that PBL 
improves knowledge and clinical performances. Furthermore, in their review of 14 
studies on student performance, Newman et al. (2003) find performance of students in 
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the PBL groups to be poorer than that of students in the control groups. These 
findings are contrasted by those of Dochy et al. (2003), however, who analyse the 
effects of PBL in a review of 43 articles and confirms that PBL does in fact benefit 
skills, in particular the skill of applying knowledge to practice. 
Farrow and Norman (2003), and also Berliner (2002), argue that randomized 
controlled trials, such as used for Newman's (2003) review, are not the most suitable 
means of assessing educational intervention. Instead of evaluating PBL simply in 
terms of its end goals, research should lead to a better idea of how and why PBL 
methods work and under what circumstances. 
Overall, the reviews conducted in the 1990s, in focusing on the theoretical claims 
behind PBL, not only demonstrate student/faculty satisfaction with PBL, but also 
specify ways in which PBL meets learning skills requirements. Reviews conducted 
since 2000, however, are mainly concerned with a comparison of conventional and 
PBL curricula and with measuring the outcomes or effects of PBL. The later reviews 
do not focus on the notional claims behind PBL, and therefore do not provide us with 
better insights into why PBL may or may not work under various situations. 
Although the use of PBL in Saudi medical education and in the communication of 
information on human genetics cannot be considered experimental in a general sense, 
nevertheless it represents an innovative educational methodology to Saudi medical 
colleges. PBL may therefore provide an appropriate focus for research into medical 
education. As Merriam (1990: 27) notes, "innovative programmes and practices are 
often the focus of descriptive case studies in education. " Within such studies, 
hypothesis-testing is accomplished by embedding an experimental design within a 
case study format which, in the current study, allows a comparison of the PBL and 
LBC formats. 
2.3 Statement of the problem 
The traditional LBL curriculum currently in use within Saudi medical colleges has, as 
mentioned earlier, attracted a lot of criticism. 
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Al-Sebai et al. (1982: 11) propose a course of action and raised questions which lie at 
the heart of this thesis: 
"The concepts of innovative medical education that are recognized and described 
around the world should also be considered in Saudi Arabia. Saudi medical education 
should examine these concepts carefully to determine how they should be applied 
and the direction for future development. Should there be a single curricular model 
for the Kingdom [of Saudi Arabia] or should each school develop independently? 
Should Saudi schools maintain a "traditional" approach or should they follow the 
lead of more "innovative" schools? Is there a unique national pattern which can be 
developed to meet our own needs? Can we adapt and modify some of these advances 
in medical education? " 
Because of the educational research undertaken in different publications since Al 
Sebai's work was written, the present study is now able to refine these questions 
further. 
The central problem addressed is the formidable task of creating a model for the 
efficient and effective delivery of PBL to future Saudi physicians. This model may be 
created following curriculum analysis based not only on the learning needs of medical 
students but also on the health needs of Saudi Arabian communities, and taking into 
account advances in technology and in medical theory. At present, little is known 
about whether the current teaching methods and learning processes in Saudi Arabia 
are appropriate. This study is an initial step towards providing this information for the 
use of Saudi medical educators. 
2.4 Purpose of the research 
The major purpose of this study is to evaluate the experimental introduction of PBL to 
undergraduate medical students (pre-clinical and clinical) in Saudi Arabia. 
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2.5 Research question 
The study seeks broadly to answer the following question: 
" What is the impact of the Problem-Based Learning (PBL) curriculum on 
undergraduate medical students in Saudi Arabia? 
This will be achieved through a comparison of the Problem-Based Learning approach 
with the Lecture-Based Case (LBC) approach, which adds a case study to the 
traditional lecture-based (LBL) approach. PBL will therefore be compared to LBC 
rather than to LBL, because of the inclusion of case studies. 
The educational objectives of PBL are to: 
1. Structure knowledge for use in clinical context 
2. Develop an effective clinical reasoning process 
3. Develop effective self-directed learning skills 
4. Increase motivation for learning. 
The lecture-based case (LBC) format is the lowest stratum of Barrows's taxonomic 
model of PBL (1986; described in Chapter 3.4), and provides very little opportunity 
for the adoption of these educational objectives. The self-directed learning aspect is 
not introduced, and exposure to activities that would encourage clinically contextual 
knowledge structuring, effectiveness in clinical reasoning and motivation to learn are 
minimal. 
This study will show that in order to achieve curriculum objectives, a change in 
teaching methods is required. 
2.6 Objectives of the study 
While seeking answers to the research question, the study aims to achieve the 
following objectives: 
1. To compare PBL undergraduates to LBC (lecture-based case) students in 
Saudi Arabia, with particular regard to (a) ability to fulfil the knowledge 
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requirement and (b) changes in student attitude towards the health care 
needs of the population. 
2. To examine the efficacy of PBL by assessing (a) how the student's 
learning methods are altered to increase problem-solving and critical- 
thinking skills; (b) whether retention of factual knowledge is improved; 
(c) whether self-directed learning skills are increased; and (d) whether 
motivation and interest in learning are enhanced. 
3. To compare clinical students' opinions towards PBL with those of pre- 
clinical students learning in a LBC format. 
4. To assess the relationship of academic performance and preparation, 
cognitive learning style and demographic factors with differences in 
achievement between the PBL and the LBC approaches. 
5. To determine the influence on students' level of preparation (i. e. clinical 
or pre-clinical) as a result of the PBL format. 
6. To identify the advantages and disadvantages of using a PBL format for 
Saudi undergraduate medical students. 
2.7. Research hypotheses 
From the above objectives, fourteen hypotheses were formed, based upon previous 
PBL research in medical education curricula in other countries (reviewed in the 
following chapter). This thesis will evaluate these through a study of pre-clinical and 
clinical Saudi undergraduate medical students. 
It is hypothesized that students taught in PBL: 
1. Have higher scores in examinations than students taught in a lecture- 
based format. 
2. Have a better awareness of their genetics knowledge requirement than 
those taught in a lecture-based format. 
3. Have better problem-solving and critical-thinking skills than students 
taught in a lecture-based format. 
4. Have a higher capacity of knowledge retention than those taught in a 
lecture-based format. 
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5. Have better motivation than students taught in a lecture-based format. 
6. Have more confidence in conducting self-directed learning than students 
taught in a lecture-based format. 
7. Are generally more prepared for each session than those taught in a 
lecture-based format. 
8. Are less likely to be confused, frustrated or stressed when learning about 
medicine than students taught in a lecture-based format. 
9. Are less likely to be confused, frustrated or stressed when working with 
patients than students taught in a lecture-based format. 
10. Are less likely to be confused, frustrated or stressed regarding a career 
focusing on medicine than students taught in a lecture-based format. 
11. Are less likely to be confused, frustrated or stressed regarding problems 
associated with medicine than students taught in a lecture-based format. 
12. Have a better learning experience than students taught in a lecture-based 
format. 
13. Are more competent in the use of resources available than students taught 
in a lecture-based format. 
14. It is further hypothesized that PBL tutors have a higher opinion of PBL 
learning methods than LBC tutors of LBC methods. 
2.8 Assumptions of the study 
The conduct of this study is based on assumptions which, if false, could alter the 
internal and external validity of the experimental finding of this study. These require a 
brief description. 
It is assumed that the colleges of medicine are collectively representative of medical 
education in Saudi Arabia, but is taken into account that the colleges' students and 
staff are significantly different from each other even when following a similar 
traditional medical education curriculum. It is further assumed that the sample of 
students used in this study is representative of Saudi students, that they respond 
truthfully and without bias to the study questionnaires and that the conditions under 
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which each student does so are the same. Equal assumptions are made regarding 
faculty members participating in the study. 
It is also assumed that the genetics modules are representative of medical education 
more generally, and that the findings of this experiment will apply if tried out on a 
country-wide scale. 
Finally, it is assumed that the information obtained from participants captures the 
relevant dimensions of PBL, as well as characteristics which allow a comparison of 
PBL and the LBC format. 
2.9 Structure of the research 
This study was carried out using a variety of research methods. It is often said that in 
the social sciences there are two different types of research: quantitative research and 
qualitative research (Kvale, 1996). Following the advice of Merriam (1990: 59), this 
study takes the view that different research methods and approaches can be mutually 
supportive. 
Quantitative data collected through questionnaires about cognitive behaviour, 
attitudes and skills was supplemented by qualitative data gained from open-ended 
questions. This made possible a much more in-depth and thorough data analysis than 
would have been possible on the basis of statistical analysis alone (see figure 2.1). 
It should be noted that this study has its starting point in the experience of the 
researcher. I work at King Faisal University as a lecturer and director of medical 
education, and am responsible for curriculum evaluation. As a member of staff in a 
Saudi Arabian university, I have first-hand experience of many of the problems they 
face, and my understanding has obviously shaped the interpretations of the data that 
are presented in this study. No attempt was made to make this a participant 
observation study, but my participation in Saudi academic 
life has clearly helped in 
my understanding of the research data, in part 
because it gave me access to people 
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who could understand the purpose of the research, with whom I will then share 
interpretations and ideas. 
Figure 2.1 Research process 
Literature review and question development 
Draft of questions for questionnaire 
Pilot study 
Fieldwork: 
Questionnaire distribution 
Document Collection 
Quantitative analysis of data 
Qualitative interpretation of transcribed questions 
Analysis and Writing 
Feedback of findings and interpretations 
Final report and analysis 
New questions arising from research 
This is a schematic representation of how the work was done. At each stage, new 
questions emerged and the data was reviewed again to see if it helped to provide 
answers. This process is continuous and demands in-depth interpretation at each 
stage. 
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This thesis is presented in six sections and has eleven chapters: 
Section I Context and Aims 
Chapter One: Introduces Saudi Arabia as the main location of this study, 
describing the country's education system in general and explaining in detail 
its system of medical education and the current curriculum used within Saudi 
colleges of medicine. It also sets out a summary of past revisions of the 
medical curriculum in Saudi Arabia. 
Chapter Two: Describes the reasons for this study. It details the aims and 
purposes of the study, including the research question and the research 
hypotheses. 
Section II Review of Related Literature 
Chapter Three: Focuses on the literature which examines problem-based 
learning (PBL) in medical education. 
Section III The Empirical Study 
Chapter Four: Describes and evaluates the research methodology and 
research design of the current study. 
Section IV Results and Data Analysis 
Chapter Five: Deals with the quantitative and qualitative results and data 
analysis for pre-clinical students. 
Chapter Six: Deals with the quantitative and qualitative results and data 
analysis for clinical students. 
Chapter Seven: Summarizes the major findings from pre-clinical and 
clinical students. 
Section V Discussions 
Chapter Eight: Discusses findings in relation to the results of the study and 
Margetson's understanding of problem-based learning in action. 
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Chapter Nine: Presents the arguments of other education writers supporting 
the belief that the issue is not one of separation of understanding from action, 
but of what kind of action is involved in professional practice and what kind of 
knowledge is required to drive it. 
Section VI Recommendations and Suggestions for Further research 
Chapter Ten: Presents a `practice and experimental-based learning model' 
(PEBL). This model is set out, described and explained in response to the 
needs highlighted by the study results. 
Chapter Eleven: Sets out the limitations of the study and gives indications for 
further research. 
2.10 Summary 
This chapter has highlighted problems within the traditional medical curriculum in 
Saudi Arabia and has suggested alternative teaching methods. It is hoped that by using 
the human genetics unit as a framework, these innovative teaching methods may be 
assessed and compared with more traditional ones. The outcome of this experiment 
may be vital in understanding which methods of teaching medical education are most 
effective in preparing future Saudi physicians aware of and able to fulfil the ever- 
changing needs of Saudi communities. 
It is noted that the outcome of experimentally applying a PBL style of teaching will 
be slightly different to the outcome of its long-term use, but the experiment will act as 
a starting point which will hopefully encourage a modification of the curriculum. 
Having outlined the aims of the study, these will now be investigated and explored 
further in the chapters that follow. 
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Section II: Review of Related Literature 
Chapter Three 
Review of Related Literature: Problem-Based 
Learning 
Chapter Three 
Problem-Based Learning 
3.1 Introduction 
Medical educators worldwide agree that there is need for improvement within the 
education process. Many researchers feel that problems presented by the more 
commonly-used lecture-based approach (LBL), including curriculum overload, 
duplication of material and reduced student motivation (Simpson, 1972; Madison, 
1978; Coles and Fish, 2005) could be resolved through the use of problem-based 
learning (PBL) methods. As a result, the number of medical colleges implementing 
PBL has been increasing worldwide over recent years (Albanese, 2000). 
Some of the colleges using PBL will be used as case studies within this chapter, 
which aims to review the techniques of PBL and to comment on its advantages and 
disadvantages. 
3.2 The history and origins of problem-based learning 
In 1918, the Carnegie Foundation employed Abraham Flexner to assess the quality 
of existing medical schools in the U. S. and to make recommendations for their 
improvement. At that time, medical education within the U. S. was in a state of 
chaos, with more than 150 schools - most of which were not affiliated with 
institutions of higher education - providing curricula of varied length and quality. 
Flexner recommended that many of the weaker schools be closed and the 
remaining stronger schools merged, and also declared that all schools should be 
affiliated with universities of higher education. Moreover, he recommended that 
the medical curriculum be interactive, and not one in which the students were 
expected merely to regurgitate facts gained through lectures, in line with initial 
intentions within U. S. medical education of teaching small groups on a problem- 
solving basis in the form of apprenticeships. At their inception, Flexner said, 
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medical schools were developed to supplement, not supplant, the apprenticeship 
system (Flexner, 1910); yet most of the medical schools had adopted the LBL 
format, in which context medical students became passive learners (Coles, 1985b; 
De Voider and de Grave, 1989). 
This pattern in medical education was not significantly altered until 1969, when the 
McMaster University medical school programme was developed in Canada in 
order to prepare broad-spectrum or "undifferentiated" physicians using the then 
controversial problem-based learning method (Hamilton, 2005). Barrows (1994: 7) 
later notes: 
"Although problem-based learning has now become an increasingly popular 
education method in medical education, the original problem-based, self-directed 
learning curriculum at McMaster University, featuring small learning groups with a 
faculty tutor, was established more than 20 years ago. As a newly created school, 
McMaster began with this revolutionary problem-based curriculum after a reasonably 
luxurious 4-year opportunity to set it up. A few years later, two more new schools 
widely spaced across the globe, Maastricht (University of Limburg) in the 
Netherlands and the University of Newcastle in Australia, also initiated a problem- 
based learning curricula. There was much cross-fertilization between all three 
schools. " 
Many universities have since begun to adopt the system of problem-based learning, 
resulting in large changes and advancements in the implementation and teaching of 
the curricula. As Bligh (2000: 620) states, 
"We have taken into account the growing impact of information technology, and the 
emergence of problem-based learning as a teaching method of choice by many 
medical schools. " 
In 1973, the Project for Learning Resources Design (PLRD) was established at 
McMaster to further the development of `problem simulation formats' for problem- 
based learning skills, which would encourage the development of clinical reasoning in 
students. These formats were based on the "problem boxes" first designed for medical 
students on a neurological clerkship at the University of Southern California in 1969, 
and were later developed further at Southern Illinois University Medical School. 
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In the 5-year period between 1976 and 1980, significant research was conducted on 
the application and evaluation of the problem formats, tutor techniques and 
curriculum design that which had been implemented in the McMaster neuroscience 
programme (Barrows and Tamblyn, 1980). This research found that the general 
educational goals for students in the programme at McMaster were: 
1. To identify and define health problems and to search for information in 
order to resolve or manage these problems. 
2. To examine the underlying physical or behavioural symptoms of a health 
problem. A spectrum of phenomena might be included, from physiology 
and biochemistry to environment and family relationships. 
3. To recognize, maintain and develop the personal characteristics and 
attitudes required for professional life. 
4. To develop the clinical skills and to learn the methods required to define 
and manage patients' health problems, including their physical, emotional 
and social aspects. 
5. To become a self-directed learner, recognizing personal educational needs, 
selecting appropriate learning resources and evaluating progress. 
6. To be able to critically assess professional activity related to patient care, 
health care delivery and medical research. 
7. To be able to function as a productive member of a small group that is 
engaged in learning, research or health care. 
8. To be aware of and able to work in a variety of health care settings 
(Neufeld and Barrows 1974: 1040). 
These goals here described by Neufeld and Barrows later became PBL goals; an 
overview of the many authors who have described the goals and objectives of PBL is 
shown in table 3.1. 
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Table 3.1 Goals and objectives: references cited 
Goal or Objective Reference 
Acquiring a retrievable usable knowledge base Barrows, 1985; Armstrong, 1991; Towle, 
1991; Azer, 2001. 
Acquiring professional clinical reasoning skills Barrows, 1985; Armstrong, 1991; Engel, 
1991; Towle, 1991; Azer, 2001. 
Acquiring self-directed learning skills Echt & Chan, 1977; Barrows and Tamblyn, 
1980; Barrows, 1985; Towle, 1991; Azer, 
2001; Newman, 2005 
Encouraging independent critical thinking Barrows, 1985; Coles, 1991b; Towle, 1991; 
skills Azer, 2001 
Meeting individual student needs, styles and Barrows, 1994; Coles, 1991b; Khoo, 2003 
backgrounds 
Developing a concern for community problems Des Marchais et al., 1992; Khoo, 2003 
Developing creating thinking Towle, 1991; Maudsley et al., 2000 
Schmidt, 1998; Fish and Coles et al., 2005 
Approaching a medical problem scientifically Barrow and Tamblyn, 1980; Dolmans, 
1997; Doman., 2006 
Acting as leader, collaborator, coordinator and Barrows and Tamblyn, 1980; Maudsley, 
informant in a team 2003; Newman, 2005 
Fostering active learning Doman, 2006; Coles, 1998; Azer, 2001 
At the heart of the PBL movement are two very important factors in human 
behaviour: attitude and knowledge. Firstly, the prevalent attitude driving the 
implementation of PBL methods is one of dissatisfaction with the LBL and discussion 
model (Neufeld and Barrows, 1974; Schwartz et al., 1991). This general 
dissatisfaction stems from the realisation that we learn naturally in everyday 
life, but 
that classroom activity becomes tedious and hard work in an unnatural way, unlike 
the 
learning we experience in our daily world (Doman, 2006). As a result, 
Barrows 
(1985) found a "paucity of basic knowledge" in the students he taught 
(1985: 9). This 
led to research on learning theories, which found that the current 
lecture-based model 
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takes advantage of how people learn (Gagne et al., 1988). Resulting knowledge about 
how people learn is the second major driver for the implementation of PBL. 
As a direct result of research, experiments and the success of other schools using 
PBL, some of the most prestigious institutions began introducing PBL to their 
curricula. In 1985, Harvard Medical School began a trial PBL track called the "New 
Pathway, " which was quickly expanded to its entire class in 1987 (Tosteson et al., 
1994). In Canada, a country considered at the forefront of medical education reform 
in the post-World War II years, most of the sixteen faculties of medicine have been 
engaged in a curriculum reform introducing PBL methods (Neufeld et al,, 1989). 
While most of the emphasis is on the use of PBL in medical education, educators in 
other disciplines across the world have begun experimenting with PBL as well 
(Hamilton, 2005). In 2000, Savin-Barden reviewed fifty institutions worldwide, 
nearly half of which were non-medical, that were already using PBL. The first 
institutions to implement PBL are outlined in table 3.2. 
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Table 3.2 Institutions that first implemented PBL 
Institution Country Subject Year of 
Implementation 
University of Technology Australia Law 1987 
University of Manchester United Kingdom English 1988 
National University of Singapore Informatics 
Singapore 1988 
University of London United Kingdom Industrial 
Engineering 1988 
Manchester Metropolitan United Kingdom Management 
University and Economics 
1988 
University of Aberdeen United Kingdom English 1989 
Netherlands International Netherlands Management 1989 Institute of Management and Economics 
Edge Hill College United Kingdom informatics 1990 
Imperial College of Science United Kingdom Mechanical 1991 
and Technology Engineering 
Queensland University of Australia Optometry 1991 
Technology 
University of Bristol United Kingdom Social Work 1992 
University of Kentucky United States of Social Work 1993 
America 
University of Warwick United Kingdom Law 
1993 
Robert Gordon's Institute of Scotland Industrial 1994 
Technology Engineering 
University of East London United Kingdom 
Architecture 1995 
University of Newcastle United 
Kingdom Architecture 1996 
Coventry University United 
Kingdom Industrial 1998 
Engineering 
Imperial College 
United Kingdom Industrial 
Engineering 
1998 
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3.3 Characteristics of problem-based learning 
The term "problem solving" is described by Walton and Matthews (1989: 542) "as a 
search through a vast maze of possibilities, searching the maze selectively and 
reducing it to manageable proportions. " The term has, in fact, a vague meaning, the 
range of meanings assigned to it including ideas within medicine which differ 
somewhat from ideas within other fields (Ausubel, 1968). In fact, for the most part, in 
medical education, "problem solving" has been generally used to refer to those skills 
necessary to arrive at a diagnosis (McGuire, 1985). The terms "problem solving" and 
"diagnosis" have thus been suggested as synonymous, along with other terms that are 
often used interchangeably with problem solving in medicine, such as "clinical 
reasoning process, " "medical decision-making, " "clinical judgment, " "re-diagnostic 
reasoning, " "information processing, " "medical inquiry" and "decision analysis" 
(Barrows, 1994). Much of the literature regarding problem solving in medicine states 
that diagnoses are formulated through the hypothetico-deductive method of reasoning 
(Barrows, 1994), i. e. the procedure of forming multiple hypotheses to explain the 
advance of the problem, before testing those hypotheses and modifying and/or 
rejecting them as appropriate (Barrows, 1985). This approach to problem solving has 
been widely accepted as the manner in which a medical decision is reached (Berner, 
1984). 
As Berkson states (1993), PBL is a learning system based on a hypothetico-deductive 
model, with a specific emphasis on the individual medical student's capabilities and 
characteristics rather than on the amount of information memorized or mastered. 
The 
problem to be solved serves as the focus for the 
development of clinical reasoning and 
self-directed learning skills, and is the stimulus 
for acquiring the knowledge needed to 
understand underlying mechanisms 
(Barrows and Tamblyn, 1980). Coles (1990b: 76- 
78) calls this process "elaborated 
learning": 
"Elaborated learning can only be promoted educationally 
when three crucially 
important curriculum features are present - concerning 
the context of learning, the 
kind of information presented and 
the nature of the learning activity. " 
A problem may be presented 
in a variety of ways within a PBL methodology: as a 
hypothetical patient community problem 
(CP) a computerized patient simulation 
(CPS), a sequential patient simulation 
(SPS), a live standardized patient (SP), or an 
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actual live patient. These varied formats permit free inquiry by students as they gather 
pertinent historical data, conduct physical or other examinations, and carry out 
laboratory or related procedures. Unlike LBL curricula, PBL is focused on the 
multiple aspects of these specific cases rather than upon whole subject areas. Thus 
instead of being presented with facts organised into a hierarchy of concepts, students 
work in small groups to tackle specific problems, giving them greater control over the 
direction of their learning experiences. 
3.4 Taxonomy of problem-based learning 
According to Barrows (1986) and Savin-Barden (2000), the classic PBL model is 
designed for small groups of five to eight students with one or two tutors, or 
facilitators, per group. The model has six steps or facets: 
1. The problem is introduced first of all, before any preparation or study has 
occurred. 
2. The problem is presented to the student in the same way as it would be 
presented in reality. 
3. The student works with the problem, applying and evaluating knowledge 
in a way appropriate to his/her level of learning. 
4. Areas of learning are identified while working with the problem and are 
used as a guide to individualized study. 
5. The skills and knowledge acquired by this study are applied to the problem 
to evaluate the effectiveness of learning and to reinforce learning. 
6. The learning that has occurred in working with the problem and in 
individualized study is summarised and integrated into the students' 
existing knowledge and skills. 
This is a holistic and interdisciplinary model, considering 
both the patient and 
community needs, and not 
just a single disease state or body system. It is also student- 
centred and encourages self-directed 
learning in that it requires students to identify 
their learning needs, develop plans 
to satisfy them, and assess their own progress. 
49 
Barrows (1986) wrote a taxonomy of PBL, which rates the effectiveness of the most 
common types of PBL methods on a scale of 1 to 5, where 5 is the most effective. 
This is represented below in table 3.3. 
Table 3.3 Barrows's taxonomy of PBL methods (1986: 483) 
SCCa I CRPb I SLD` I MOTd 
Lecture-based cases (LBC) 1001 
Case-based lectures (CBL) 2202 
Case method (CM) 13 13 13 14 
Modified case-based (MCB) 14 13 13 15 
Problem-based (PBL) 14 14 14 15 
Closed-loop problem-based (CPBL) 15 15 15 15 
Acronyms: a. Structuring of knowledge (SCC) c. Effective self-directed learning skills (SLD) 
b. Clinical reasoning process (CRP) d. Increased motivation for learning (MOT) 
The PBL methods in table 3.3 can be seen to be on a continuum ranging from near 
total teacher control to near total student control of learning. In the LBC format, the 
most teacher-centred of the PBL methods, the teacher presents new information in the 
form of a lecture, followed by a case study designed to demonstrate the relevance of 
the lecture material. For the case-based lecture method (CBL), however, this order is 
reversed. Here, case studies are presented first, and serve as a focus point for the 
lecture that follows. In the case method (CM), the students themselves research a case 
study and prepare for a teacher-centred discussion in a later class, whilst the modified 
case-based format (MCB) involves students in a small, student-centred tutorial that is 
driven by a pre-set problem. The closed-loop or reiterative 
PBL method (CPBL) is 
considered the most student-centred, extending the 
PBL strategy to incorporate 
student assessment of reasoning strategies and source credibility, which 
is then 
applied back to the problem. 
Barrows (1980) considers this the best method to address 
specific educational objectives; 
it is also, however, the most complex, the most time- 
intensive, and the most expensive method. 
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Besides Barrows's taxonomy, it is interesting to note that of Savin-Barden (2000), 
which avoids the use of acronyms and states instead that PBL is defined simply by the 
existence of the following features: self-directed learning, small-group process and 
problem case study. For Savin-Barden, there is no need to distinguish PBL from 
CPBL; so long as a curriculum has the principles of PBL, it is PBL. According to 
Savin-Barden's taxonomy, the LBC and CBL methods are not considered PBL. 
Although each taxonomic level involves problem study, the processes may be quite 
different, and it is important to distinguish between PBL formats before literature 
reports on the use of PBL can be considered across settings (Blumberg et al., 1990). 
Margetson (1999) distinguishes between two forms of PBL: transitional semi-PBL 
and rigorous PBL, and offers in addition a further description of `Two Conceptions', 
outlined below. 
3.4.1 Conception I: The "Convenient Peg" of problem-based learning 
Margetson (1999) describes this conception (C. I) as a two-stage process of learning. 
First, a pre-clinical, theoretical foundation of knowledge is acquired in what has often 
been referred to as the "basic" sciences, i. e. anatomy, physiology and biochemistry. 
Secondly, and much later, students learn how to reason clinically towards diagnosis 
and treatment; and only at this stage do they learn how to solve systematically or 
manage clinical problems by applying their basic science knowledge. 
Thus a clinical problem and its solution are separated within education. Incidental 
discussion of a clinical solution may occur, but at this stage falls outside curriculum 
objectives and may be strongly discouraged 
by tutors. Although hypothetico- 
deductive reasoning is important at both stages, 
it is used for different purposes, 
namely acquiring `basic' knowledge 
in the first stage, and learning to reason clinically 
and make clinical decisions 
in the second. This two-stage process provides a 
convenient "peg" on which to 
hang knowledge acquisition of the basic sciences and 
offers the convenience of using 
clinical problems as a motivating factor. Schmidt 
(1993) and Norman and 
Schmidt (2000) confirm this, suggesting that linking defined 
medical problems to 
knowledge acquisition in the basic sciences leads to a more 
effective recall of 
information when students enter clinical situations. 
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3.4.2 Conception II: The "Growing Web" of problem-based learning 
Conception C. II allows for a greater awareness that problems are not always what 
they appear. In fact, problems indicate problematic solutions. Understanding and 
dealing with them can often be difficult and elusive. It is important to remember that 
medical problems do not necessarily present themselves as `packaged' to match 
academic divisions between "basic" sciences and "clinical practice"; rather, 
information, concepts, reasoning, skills and attitudes are acquired in relation to each 
other, complementing each other holistically in the growth of the student's 
understanding. 
C. II views the role of a problem as providing the focus within the rich context in 
which medical cases arise, and considers it important that problems in the educational 
context simulate as closely as possible the kinds of situations medical practitioners 
encounter in their everyday lives. Margetson further states that learning to become a 
competent clinical practitioner is best seen as a coherent whole from the beginning. 
3.5 Implementation of problem-based learning 
The implementation of PBL varies from school to school, where interpretation and 
use of learning issues evolve in conjunction with course content, 
learning activities, 
curriculum development, evaluation and review 
(Blumberg, 1988). PBL may be 
adopted across a school, as a curriculum operating concurrently with 
LBL, or as an 
instructional technique used within individual courses in the curriculum 
(Vernon and 
Blake, 1993; Creedy et al., 1994; Dorcas et al., 1999; 
Salvatori, 2000; Amin and 
Khoo, 2003). In some medical schools, the entire curriculum 
has been reorganised in 
order to adopt a problem-based approach. 
Where PBL is run concurrently with 
LBL, this is called a parallel curriculum. This 
approach has been adopted 
by several universities, including Bowman 
Gray School of 
Medicine at Wake Forest 
University, Harvard University, the University of New 
Mexico, Southern Illinois 
University School of Medicine, and Michigan State 
University College of 
Human Medicine. The PBL curriculum at the University of 
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New Mexico is unique in that periods of small group-tutorials are alternated with rural 
clerkships (Kaufman and Mann, 1996; Azer, 2001; Hamilton, 2005). 
The parallel curriculum at Bowman Gray was initiated in the academic year 1987- 
1988, admitting 18 students to the PBL curriculum and 90 students to the LBL course 
each year, both 4-year programmes leading to an M. D. degree. During the first year of 
the PBL curriculum, tutorial groups progress through a sequence of 40 patient 
problems in areas of basic, clinical, and behavioural sciences. The cases are followed 
by a series of 30 encounters with hospital and clinic patients, in order to develop 
further clinical context for learning the basic sciences, particularly in the areas of 
biochemistry, anatomy and pharmacology. This approach provides a compromise 
between student-centred and faculty-centred learning. 
Some institutions - such as McMaster University, the University of New Mexico and 
Southern Illinois University School of Medicine - maintained a student-centred 
"classical" interpretation of PBL, while the curricula in PBL programmes at Michigan 
State University College of Human Medicine (Track II) and Mercer University 
School of Medicine were faculty-centred. In the latter case, the faculty generated 
learning issues and identified specific reading assignments for students. 
The new curricula at Bowman Gray (Parallel Curriculum), 
Harvard University 
Medical School (New Pathway), and Rush Medical College (Alternative Curriculum), 
on the other hand, enabled students to generate 
learning issues themselves, but also 
made faculty-generated learning issues available 
for comparison, either at the end of a 
case or at a point at which students were most 
of the way through a case. Here, as 
with the student-centred curricula at 
McMaster, New Mexico and Southern Illinois 
University, there was provision for negotiation regarding 
the development and 
relative emphasis of student-generated 
learning issues (Blumberg, 1988). 
The medical curricula at 
McMaster University, at the University of Newcastle (New 
South Wales), and at Rijksuniversiteit 
Limburg (Maastricht) use clinical problems as 
basis for learning within small 
groups, with no lectures or conventional class- 
the 
exercises and no separation 
between pre-clinical and clinical experiences. 
labor y 
In these universities, 
the PBL curriculum is structured 
into curriculum blocks, each of 
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which presents cases relating to a common theme or an organ system. Objectives 
define the competencies required, and clinical problems identify the knowledge, 
understanding and skills which students are expected to acquire during the course of 
study (Neame, 1984; Schmidt et al., 1987; Donner and Bickley, 1990; Harden et al., 
2000; Maudsley, 2003). 
In 1973, the College of Human Medicine at Michigan State University developed a 
problem-oriented curriculum called the "Track II Programme", providing an 
alternative to their LBC Track I Programme (Davis, 1994). According to Davis 
(1994), Michigan's programme is the most structured of the PBL medical school 
curricula, with cases focused on clinical problems such as anaemia, jaundice, back 
pain, fever and dyspnoea, with the aim of identifying specific questions to be 
addressed, and pointing students towards appropriate reference materials and related 
readings. 
Furthermore, at the University of Otago Medical School in Dunedin, New Zealand, 
lecture-based curriculum activities are preceded by a "Case-based Learning Day", a 
brief, self-contained activity designed to introduce students to self-directed learning 
and basic science material through clinical cases, tutorial discussion groups and the 
use of printed and audio-visual resources (Schwartz et al., 1978). 
There are a variety of issues involved in the implementation of PBL, as shall be 
discussed in the following section. 
3.6 Issues involved in changing to a PBL curriculum 
Previous literature on PBL has outlined the issues involved in implementing its 
techniques. These issues may be categorized under 7 headings, which this review will 
now analyse in terms of their relationship to each other within the 
PBL curriculum. 
The 7 headings under which these issues are summarised are: 
3.6.1 Curriculum Structure 
3.6.2 Assessment 
3.6.3 Group Process 
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3.6.4 Facilitators 
3.6.5 Problem Development 
3.6.6 Resources 
3.6.7 Cost 
3.6.1 Curriculum Structure 
The PBL curriculum structure is modelled after the foundational work of the 
"McMaster Philosophy" and Barrows and Tamblyn's (1980) seminal works on PBL 
curriculum design. Overall, curriculum structure in PBL is designed to present 
students with problems they have not previously studied, which are presented through 
high-fidelity (realistic) scenarios, allowing students to identify their own knowledge 
deficiencies. 
Each of the PBL models reviewed by previous literature follows the generic Barrows 
and Tamblyn model mentioned in section 3.4. While every design has its own unique 
features, the similarities between the models provide a common ground for 
determining which aspects are critical for a given PBL curriculum. They each centre 
on cases or problems and usually include learning objectives, issues for discussion, 
suggested teaching strategies, related resources, study materials, bibliography, 
timetable and rules. These materials may be arranged in handbook form (Colby, 
Almy, and Zubkoff, 1986), problem boxes (Barrows, 1994), course books (Pales and 
Gual, 1992), videos (Smith, 1985), situation improvement packages (Amin and Khoo, 
2003), discipline maps (Engel, 1991), Web/CD-ROM program (Kamin, 1995) or case 
design packages (Gilkison, 2003). All are designed for the same purpose: to provide a 
learning environment where students have responsibility for their own learning. 
A key strategy of PBL curricula is the reiteration of subject matter using increasingly 
difficult problems. Increasing the problem difficulty creates a matrix where the 
vertical development of specialized subject areas is woven through the horizontal 
progression of problems. This puts emphasis on the general pattern of problem- 
solving and on the interdependence of social, technical, cultural and managerial 
factors within it (Amin and Khoo, 2003). 
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Amin and Khoo discuss the development of a PBL curriculum in a way that resembles 
a traditional instructional system design. Their prescription for developing a 
curriculum is to evaluate the environment, define the problem, explore options, 
develop a plan, implement a plan and evaluate the outcomes. 
Another strategy, applied by Coles (1985a), introduces workshops to help students 
deal with the radically different nature of learning in a PBL environment. The 
workshops are used to increase students' confidence and skills in group processes, 
problem solving and self-assessment, and to train students in stress management and 
ways of coping with the change they will experience when such a different approach 
is taken. The addition of these workshops to the curriculum structure is aimed at 
smoothing the transition from LBL to PBL. 
In another approach, Post and Drop (1990) introduce creative thinking to the PBL 
curriculum, using mind maps as a way of helping students develop the skills of 
divergent and creative thinking. These thinking skills foster students' ability to 
generate ideas and consider possibilities, and ease cognitive dissonance when listing 
options and pursuing the maybes. 
The various ways of presenting PBL within a curriculum have, of course, a direct 
effect on modes of assessment, as we shall now see. 
3.6.2 Assessment 
When reviewing curricula and/or moving to a PBL approach, assessment 
methodologies may need to be re-evaluated, since LBL assessment is largely 
incompatible with the goals and objectives of PBL. Whilst Vlutin (1999) argues that 
the ultimate aims of LBL and PBL must be the same and that, therefore, their modes 
of assessment must be the same, Dolmans et al. (2001: 135) point out that 
conventional assessment approaches are not "goal free, illuminating, ethno- 
methodological, qualitative, and responsive. " In a PBL curriculum, however, students 
gain the ability to manage their own learning, to assess themselves and to relate to 
patients, peers and other professionals. For Norman (1992: 59), this must affect 
methods of assessment: 
56 
"If we wish our students to learn the skills and knowledge associated with 
community orientation, health promotion, population and public health, critical 
appraisal, lifelong learning, interdisciplinary learning or self-appraisal, then we are 
obliged to assess these objectives in a meaningful, reliable and valid fashion. " 
Assessment comes into play in at least four different ways: (a) context evaluation, 
requiring an examination of the setting of the professional programme; (b) input 
evaluation, demanding close examination of programme plans and objectives; (c) 
process evaluation, looking at ways plans become reality; and (d) product evaluation, 
requiring a detailed examination of the outcomes (Dolmans et al., 2001). The current 
review focuses on product evaluation, since this falls in line with the research focus, 
and because the bulk of literature on assessment refers specifically to product 
evaluation. 
Because of the shift away from purely theoretical knowledge and understanding and 
toward problem-solving skills and self-directed learning, most PBL courses use a 
pass/fail grading system. B arrows and Tamblyn (1980) identify three critical targets 
for PBL evaluation: (a) clinical reasoning skills; (b) clinical technical skills; and (c) 
self-study skills, and assert that educational assessment tools should be designed to 
help students develop their own approaches to self-evaluation, which can be 
continued throughout their lives. PBL evaluation should be a constructive and helpful 
process, leading to improved learning and performance, and to increased openness for 
helping themselves and others. The assessment tools proposed by Barrows and 
Tamblyn are shown in table 3.4 below. 
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Table 3.4 PBL assessment tools 
Client reports 
Consultant reports 
Discussion 
Face-to-face interviews 
Log 
Observation 
Oral presentation 
Peer jury assessment 
Records of books, articles, and software 
Simulations (written and/or live) 
Tutor-assessment 
Work completion or short answer 
Constant feedback 
Debates 
Essay exam 
Final exams 
Multiple choice 
Oral exam 
Peer-assessment 
Problem write-up 
Self-assessment 
Think-out-loud exams 
Tutor jury assessment 
Self-assessment of problem-solving skills, 
motivation, effort and attitudes 
Many of these assessment tools are, however, unfamiliar, hard to quantify objectively, 
and more labour-intensive than traditional tools (O'Neill et al., 2000; Mclean et al., 
2003; Chamberlain, 2005). Similarly, PBL evaluation includes many abstract 
concepts not easily measurable. In PBL, no matter which tools are used, the final 
assessment is ultimately up to the facilitators' understanding and synthesis of an 
individual student's understanding and performance (Chamberlain, 2005). Barrows 
and Tamblyn (1980) recommend that the assessment tools be used according to 
learning objectives and tool properties, and offer suggestions for evaluating the 
effectiveness of assessment tools (table 3.5). 
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Table 3.5 PBL evaluation tools and techniques (Barrows, 1980: 115) 
Characteristics of Evaluation Techniques and Tools 
" Process versus Content 
" Process versus Outcome 
" Reliability (two examiners, one score - reliability) 
" Validity (content adequately samples area measured) 
" Fidelity (extent to which test resembles real life) 
" Feasibility (ease of administering, scoring and analysing) 
How to Evaluate Tools 
" Multiple Choice/True-False Questions (information recall only) 
" Work-completion or Short-Answer Questions 
Poor reliability with questionable validity 
" Oral Examination 
" Essay Examination 
Valid with questionable reliability 
" Observation of a Patient Interview and Examination 
" Review of Case Record, and Record Audit 
In summary, it is clear that assessment has an important role in helping students 
develop their learning skills. However, traditional assessment for measuring stored 
knowledge against pre-set objectives does not promote the PBL objective of creating 
a life-long learner who performs ongoing self-appraisals. Furthermore, whilst there 
are many alternative assessment tools available for PBL, each requires an 
understanding of the tool and of the knowledge and/or skill it measures. 
3.6.3 The group process 
The PBL method is based on small groups of students learning together and from each 
other. This group process, and its apparent advantages and disadvantages, have been 
extensively reviewed within the literature on PBL - since groups are the social sphere 
in which many of the PBL goals and objectives are played out, focusing on the group 
process is a way of examining the PBL curriculum as a whole. 
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Neufeld and Barrows (1974) describe the small-group tutorial as a learning laboratory 
of human interaction, and identify the following benefits of using small-group 
tutorials: 
1. Developing interpersonal skills. 
2. Becoming aware of emotional reactions of self and others. 
3. Learning how to listen. 
4. Learning how to give and receive criticism. 
5. Learning about educational planning. 
6. Providing a forum for group problem-solving through the pooled resources 
of the group members, which include academic training, experience, 
personality and perspective. 
7. Providing an opportunity for self-evaluation by which a student can 
compare his own learning progress informally with that of his peers. 
8. Developing a sense of responsibility for the learning progress of each 
member. 
9. Learning how to give honest and accurate feedback to each other. 
Other authors have reiterated this, and have added further benefits, goals and aims to 
the list: 
1. Allowing students to initiate and sustain discussion (Wilkerson, Hafler & 
Liu, 1991). 
2. Fostering the development of problem-solving skills (Echt & Chan, 1977). 
3. Training students in small-group leadership (Smith, 1985). 
4. Motivating learning, heightening inquisitiveness, encouraging holistic 
learning, building self-confidence and improving communication and 
understanding of people (Amin and Khoo. 2003). 
5. Fostering elaboration of knowledge in a safe environment (Coles, 1998). 
6. Allowing individual attention as well as helping build friendships in a 
context of accountability where knowledge and experience are used as 
pooled resources (Barrows, 2000). 
7. Building teamwork skills and developing trust between individuals (Fish 
and Coles, 2005). 
8. Providing an open, free, stimulating, cooperative and realistic environment 
that is responsive to change (Moore, 1991). 
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Azer (2001) claims that the success of the PBL curriculum depends on good group 
dynamics, and that developing functional group interaction is critical to the success of 
the process. Yet research into PBL offers scant information on the nature of group 
process training. Barrows (1994) shows that at the beginning of a PBL course, group 
activities consist of introductions: establishing an open constructive working climate 
and defining responsibilities and group objectives. Whilst Barrows affirms that "most 
of these activities will not need to be repeated before each new problem" (1994: 55), 
it is clear that there is still a paucity of information about how even these introductory 
activities are to be carried out. 
Another concern is regarding how and when individuals are weaned away from the 
group in order to prepare for autonomous learning. Indeed, there is evidence that 
some students do become overly dependent on the small-group environment 
(Albanese and Mitchell, 1993; Khoo et al., 2001; Azer, 2001). Barrows (1985: 8) 
suggests that 
"At some point in the curriculum the group process should be abandoned in PBL and 
the students encouraged to continue in the PBL process by individually anticipating 
their approach to clinical work. " 
Other drawbacks of the group process include a variation in the level of individual 
commitment, meaning that some students work harder than others; personality 
differences; and, occasionally, feelings of insecurity between students, facilitators and 
the curriculum (Mpofu et al., 1998; Schmidt et al., 2001). Whilst the benefits of the 
group process aforementioned indicate some of the value and potential of this aspect 
of the PBL curriculum design, the drawbacks noted represent serious concerns for a 
curriculum so heavily dependent on the small-group process. 
The current literature review aims to document both promise and problems of the 
group process, although it does not offer solutions. 
3.6.4 Facilitators 
For the purposes of this review, the term "facilitator" is used to denote the overseer 
responsible for a group session. This is used synonymously with the term "tutor", 
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which has equally been used in previous literature (Maudsley, 2003; Doman et al., 
2006). A myriad of roles are attributable to the facilitator, as shown in table 3.6, 
below. 
Table 3.6 The roles of a PBL facilitator, according to Barrows (1988) 
Advisor Advocate Administrator 
Assessor Career counsel Caring 
Challenger Content consultants Group leader 
Instigator Learner Listener 
Moderator Monitor Problem writer 
Resource manager Resource person Role model 
Sounding board Stimulator Supporter 
Unit planner 
The previous literature reveals five prevalent issues with regard to facilitators: (a) 
expert versus non-expert facilitators; (b) facilitator training; (c) role changes from 
teacher to facilitator; (d) relationship changes between students and peers; and (e) 
changes in time commitments for the teacher-turned-facilitator. These issues are 
explained below. 
Firstly, a discussion of "expertness" is problematic because of the varying degrees of 
expertise (Maflin, 2004). But for this discussion, facilitators will be considered either 
experts or non-experts. Facilitator expertise is a combination of content expertise and 
group leadership expertise, content expertise being further divided into subject 
knowledge and knowledge of the case at hand (Gilkison, 2003). Whilst being a 
"subject knowledge" expert in PBL is of limited benefit because of the 
multidisciplinary problem focus of the curriculum, experience with a particular case 
may itself name a facilitator an expert on that case. Indeed, it has been suggested that 
a facilitator can be considered an expert on a particular case after three supervisions of 
that same case (Zeitz and Paul, 1993). 
There is a good deal of research on the topic of facilitator expertise, and the literature 
overwhelmingly supports the use of facilitators with expertise in content and tutoring, 
and with case experience, although there is tolerance for using facilitators without 
62 
expertise (Barrows, 1985; Davis et al, 1999; Eagle et al, 1992; Martenson , 1993, 
Dolmans et al., 2002). Barrows (1988) asserts that the ideal situation is to have a 
content expert who is familiar with the case and who is also an expert facilitator. 
Failing that, the next best arrangement is to have an expert facilitator who is very 
familiar with the problem. This hierarchy continues down until there is a non-expert 
facilitator who lacks content expertise and is working with a new case, which would 
constitute the poorest arrangement possible. 
There is evidence that first-year students are generally more satisfied with non-expert 
facilitators (non-expert faculty or advanced students) than are second- or third-year 
students - it is clear that as the students' sophistication increases, so does their 
need/desire for a more expert facilitator (Johansen et al., 1992). Within each year 
group, however, those with an expert facilitator, i. e. one who had facilitator training 
or experience, were significantly more satisfied, scored significantly higher on test 
questions and generated two or three times the learning issues, spending about twice 
as much time on the problem as those students with a non-expert facilitator (Davis et 
al., 1999; Eagle et al., 1992; Dolmans et al., 2002; Doman et al, 2005). The 
hypothesis offered for this occurrence is that these expert facilitators were more able 
to provide support, cues or guidance when needed. In addition, expert facilitators 
asked questions at a more appropriate time, and the questions asked communicated 
more to the students. Almost certainly, an expert can form questions of greater value 
to the student (Davis et al., 1992). Eagle et al. (1992) find that a competent facilitator 
will stop at critical points to clarify, elaborate, allow silence, ask for justification, 
summarise, probe, and challenge, thus enhancing student-directed learning, listening, 
focusing and contemplation as well as the identification of learning issues and, 
therefore, the achievement of PBL course goals. 
Despite the need for expert facilitators, several authors mention a lack of provision of 
facilitator training, and indicate recommendations for training ranging from formal, 
professional workshops to a simple observation-and-participation method (Davis et 
al., 1999; Tan, 2003; Dolmans et al., 2002). 
Other issues with regard to facilitators include difficulty in changing role from teacher 
to facilitator (Engle, 1991; Des Marchais et al., 1992; Tan, 2003; Dolmans et al., 
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2002) and in adjusting to new time commitments, which for a single facilitator are 
estimated at 10-20% higher for PBL than for the traditional curriculum (Neufeld and 
B arrows, 1974; and Pales and Gual, 1992). To cover the time commitment associated 
with PBL, many more facilitators would ideally be employed than would be the case 
for LBL. Due to the costs implied by this, faculty time remains a key limiting factor 
(Dolmans et al, 1993). 
The final facilitator issue deals with the overwhelming changes in student-staff 
relationships when converting from LBL to PBL. Wilkerson and Hafler (1991), in a 
report of the unprecedented full-scale implementation of PBL at Harvard Medical 
School in 1987, discuss the need to involve teachers who had never thought much 
about learning nor worried about facilitating student interactions. The change from 
teacher to facilitator requires a redefinition of relationships between student and 
teacher, as summarised in table 3.7. 
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Table 3.7 The relationship of the facilitator and educational concern 
Facilitator relationship Educational Concern 
Teachers' and students' learning No longer simply knowledge disseminators; must trust 
students, guiding through questioning and giving 
feedback 
Teachers and content Should teachers cover everything, or should they let 
students choose what they need? Need to realise that a 
rich network of connections between ideas facilitates 
understanding and remembering 
Teacher and student Teachers partner with students in learning and relax 
control of content and learning process. Students learn 
to ask questions and provide extended explanations 
Student to student When working with problem material, students become 
actively engaged with one another, characterized by 
cooperation rather than competition 
Teacher to group Attentive to the needs of the group, fostering a 
cooperative spirit 
Teacher Self-awareness through a reflective process of asking 
self and answering thought-provoking questions 
regarding teaching method 
Teacher and other teachers Collaboration, vulnerability, modelling of the process 
of self-directed learning 
In summary, facilitators are vital to PBL and have many roles to fulfil. Expertise, 
growth, training, changes in relationships and time commitments are all major factors 
influencing the facilitator's role. Wilkerson and Hafler (1991: 579) note that 
"A facilitator's own self awareness and psychological sensitivity cannot be 
emphasized enough as ingredients in the mix that makes for a good learning 
environment - and so also as a central 
issue in faculty development. " 
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3.6.5 Problem development 
If PBL is the road to learning, and small-group tutorial is the vehicle of choice, 
problems fuel the vehicle on the road. According to Barrows (1985), problems should 
be structured to allow a learner to do whatever would be possible in the real situation: 
"Students must be able to ask the patient any question, perform any item of physical 
examination, or order any laboratory test in any sequence as they attempt to 
determine the basic mechanisms responsible for the patient's problems" (1985: 16). 
Problems may be statements, questions, or descriptions (Amin and Khoo, 2003), and 
can be presented to students in paper form, verbally, through reasoning or calculation, 
by `signposts', in groups, individually, or laid out in some other medium, such as 
computer or drama. Students say that the clear, consistent relevance to professional 
work is what they value most (Davis, 1994). A problem's relevance can be measured 
by its fidelity, i. e. the degree to which it emulates real life situations (Davis et al., 
1999; Wilkerson and Hafler, 1991; Coles, 1998). This relates directly to the theory of 
contextualized learning, which holds that learning is best served when done in the 
content it will be used. 
Other principles for problem development and selection have been offered by 
Barrows (1994), who outlines six development principles that may be useful for 
problem development: (a) relevant problems; (b) multifaceted problems; (c) 
integrated problems; (d) consistent problems; (e) clinically current problems; and (f) 
motivating problems: 
"The principle of relevant problems illustrates the importance of considering 
incidence and significance of medical conditions. The first two addressed the need 
for diversity of learning opportunities, while three and four emphasized the 
relationship of cases to aims, content, and sequence of the PBL curriculum. 
Motivating problems has to do with open-endedness and student interest" (1994: 
131-133). 
A further factor for problem development is that of stories. As real life is told in 
stories, PBL problems are actually developed stories (Savin-Barden, 2000) structured 
for a specific form of delivery. The stories come from personal experience (B arrows, 
2000), surveys or expert ideas about what is important for learners to know (Dolmans 
et al., 1993). Most case writers are experts in the field comprising the main topic of 
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the story, and find story-writing an enjoyable and creative aspect of their work, and 
the broad goals of PBL allow case writers to "tell the story" as they know it (Barrows, 
2000). 
To write cases, field experts are joined by design groups consisting of medical 
practitioners, and a curriculum coordinator who provides educational expertise 
(Armstrong, 1991). The case writing process includes the following steps: 
development and planning, writing the case, case review, case use, and evaluation of 
the case after use (Wilkerson and Hafler, 1991). A popular case method in the medical 
field is revealed through a set of progressively distributed pages or sections of a 
problem (Armstrong, 1991). 
Problems are designed with the idea that they will generate learning issues related to a 
particular medical topic. As useless problems cause difficulties for students in 
generating the appropriate learning issues (Azer, 2001), one way to determine the 
effectiveness of a problem is the degree of correspondence between the learning 
issues generated and the problems suggested by the learning issues. 
Several studies use this "correspondence" approach to determine problem 
effectiveness. The average measure of correspondence for what are considered good 
problems is 60 %. Evaluation of problems using this "correspondence" between the 
problem learning issues and the students' learning issues, allows identification of 
problems not meeting their designed purpose (Albanese and Mitchell, 1993). Ensuring 
content coverage by introducing pertinent problems requires staff to select the 
appropriate number and types of problems in order to cover pertinent content areas. 
To summarise, problems provide the focus for PBL programmes and serve to provide 
students with information that leads to self-identified learning needs. According to 
previous literature on PBL, it is critical that problems are of high fidelity and allow 
students to act as they would if encountering the problem in practice. The literature 
outlines the design of PBL problems, their role in the classrooms, and ways of 
evaluating problems. 
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3.6.6 Resources 
One goal of PBL is to help learners identify and utilize resources (Barrows, 1985). 
There is evidence, based on faculty members' observations and studies (Coles 1998), 
that greater proportions of PBL students use the library more frequently and for 
longer periods of time than do students in conventional schools. According to Golby 
and Parrott (1999), students in a PBL curriculum at the Bowman Gray School of 
Medicine use library resources five to ten times more than the LBL students. High 
resource-use affects the library's collection, instructional programme, facility, staffing 
and budget (Azer, 2001) as well as the resources available for the support of lectures 
and non-PBL students. If a school were to make a wholesale switch to PBL, as 
Harvard's New Pathway did in 1987, severely limited resources may impact the 
school and students in a critical way. 
A standard problem-design format lists, at least partially, the learning references and 
resources associated with the problem or programme (Golby and Parrott, 1999; 
Armstrong, 1991). Many authors (for example Azer, 2001) create their own resources, 
often using the original lecture material, or gathering or creating learning resources 
from printed materials, audiovisual formats, models, and specimens. Other resources 
are often provided to facilitators in the form of guides and forms. 
Computer resources play an ever-increasing role in the PBL curriculum, from 
problem simulation to information retrieval. Having developed a rationale and method 
for the introduction of computer support for collaborative learning (CSCL) into the 
PBL curriculum, Koschmann et al. (1997) hypothesize that CSCL could serve as the 
blackboard, case data-base, group dynamic organiser, communication port for human 
and non-human resource, and case builder structural organiser. Thus far, however, 
literature on PBL is void of models that make use of such a system. 
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3.6.7 Cost 
"It is widely assumed that small-group PBL is more expensive and consumes more 
faculty time than conventional medical education" (Menin and Martinez-Burola, 
1986: 208). 
A major factor in the implementation of PBL is the cost, caused by increased teaching 
time to small groups as opposed to the larger classes associated with LBL, as well as 
by other responsibilities required by the PBL process. It is therefore assumed that 
more faculty members are needed. 
However, in a comparison of LBL teaching time with that of PBL, Menin and 
Martinez-Burola (1985) conclude that there are no differences in the total amount of 
teaching required by both PBL and LBL, even for schools with large classes. Yet 
these findings are in contrast with those of Donner and Bickley (1990), who conclude, 
after comparing the costs (in faculty time) of PBL and LBL in a pathology module, 
that the PBL curriculum is quite feasible for schools with classes of 60 or fewer 
students. This assumption is based on the fact that the cost of LBL increases directly 
with the number of lectures presented, whilst the cost of a PBL programme increases 
directly with the number of students. The cost per student of LBL therefore shows a 
sharp decrease when student admission increases, with 100 LBL students costing 
roughly the same as 40 PBL students. However, the differences lie in how teachers 
spend their teaching time. In PBL, teaching staff spend the majority of their time in 
contact with students, while in LBL they spend more time on preparation than in 
contact with the students. 
Comparisons were made between the seven medical faculties in the Netherlands 
following the PBL programme, in terms of cost and outcome. The results show that 
the students of Maastricht University need less time to graduate, perform better in 
professional skills and have greater appreciation of their (PBL) curriculum than do 
those following LBL curricula. Consequently, this study supports the notion that PBL 
is a cost-effective and attractive model of teaching (Azer, 2001). However, there is 
need for further investigation of the cost issue, for the purposes of cost-effective PBL 
implementation, appropriate allocation of facilities and resources, and management of 
staff and the teaching load, in order to achieve the most effective PBL programme. 
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3.7 Theoretical foundations of problem-based learning 
The major theoretical foundation of PBL is derived, in part, from research on 
education and cognitive science (Albanese and Mitchell, 1993). Theories are here 
reviewed in an attempt to understand them as they relate to the form and function of 
the PBL curriculum. 
Koschmann et al. (1997) outline a set of six principles they say "provide some 
guidance for what is necessary for promoting effective instruction" in any curriculum. 
These principles, taken together, comprise most of the instructional goals within the 
PBL curriculum design: 
1. Principle of Multiplicity: Knowledge is complex, dynamic, context- 
sensitive and interactively related; instruction should promote multiple 
perspectives, representations and strategies. 
2. Principle of Activeness: Learning is an active process, requiring mental 
construction on the part of the learner; instruction should foster cognitive 
initiative and effort after meaning. 
3. Principle of Accommodation and Adaptation: Learning is a process of 
accommodation and adaptation; instruction should stimulate ongoing 
appraisal, incorporation and/or modification of the learner's understanding. 
4. Principle of Authenticity: Learning is sensitive to perspective, goal and 
context; instruction should involve activities, settings and objects of study 
that are authentic. 
5. Principle of Articulation: Learning is enhanced by articulation, abstraction 
and commitment on the part of the learner; instruction should provide 
opportunities for learners to articulate their newly-acquired knowledge. 
6. Principle of Timelessness: Learning of rich material is timeless; instruction 
should instil a sense of tentativeness with regard to knowing; a realisation 
that understanding of complex material is never "completed", only 
enriched; and a life-long commitment to advancing one's knowledge. 
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Norman and Schmidt (1992) suggest that the theoretical base of PBL emerges from 
research on cognitive psychology - specifically on memory, problem solving and 
"case-based" reasoning - and from research on concept formation and categorization. 
They say that PBL promotes three functions: (a) acquisition of knowledge in the 
context in which it will be used; (b) mastery of concepts to be applied to new 
problems; (c) acquisition of prior examples. Briefly explained, acquisition of 
knowledge in context emphasizes the importance of activating prior knowledge, 
elaborating at the time of learning (through discussion, note-taking, answering 
questions, or applying knowledge to practice), and matching the learning context to 
"real" situations that students will encounter. Mastery of concepts means that the 
problem must be approached without much foreknowledge of the domain or 
underlying principle, and that the problem solver must receive corrective feedback 
about her solution immediately upon completion. 
3.7.1 Benefits of problem-based learning: real and/or perceived 
There can be little doubt that some PBL authors tout the benefits of this system with a 
biased vigour and little shame about the lack of research data available to substantiate 
it. Table 3.8 presents some of the supposed benefits found in the literature, which 
relate directly back to the theory, goals and objectives of PBL, promoting it as a 
promising alternative to LBL. This study brings light to the actual benefits of PBL 
(see Chapter Seven for the results summary). 
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Table 3.8 The real and/or perceived benefits of PBL 
Objective References 
Activates prior knowledge Norman & Schmidt, 1992; Coles, 1998; Harden, 1996 
Allows interactions Lovie-Kitchin, 1991; Dolmans et al., 1996; 
Harden, 1996 
Applies new knowledge Donner, 1990; Azer, 2001 
Assists elaboration Coles, 1998; Colliver, 2000 
Attracts higher-quality students Des Marchais et al., 1992 
Builds communication skills Boud & Felleti, 1991; Donners, 1990; Azer, 2001 
Builds team work skills Mpofu et al., 1998; Johnson and Johnson, 1987 
Creates knowledge ownership Norman & Schmidt, 1992 
Develops meta-cognitive skills Barrows, 1994; Coles, 1985b 
Develops skill of inquiry Boud & Felleti, 1991, Coles, 1985b 
Encourages cooperation Dolmans et al., 1996; Khoo et al, 2001 
Forces organisation of time Des Marchais et al., 1992 
Forces reflection Boud and Felleti, 1991; Coles, 1998; 
Ja awickramarajah, 1996; Margetson, 2000 
Forces self-study skills Barrows, 1994; Coles, 1985b 
Increases motivation Norman & Schmidt, 1992; Coles, 1998 
Instils active learning Coles, 1985b 
Involves more emotions Bayard, 1994 
Maintains proactive learning Coles, 1998 
Produces better grades Pales & Gual, 1992 
Promotes critical thinking Morrison and Murray, 1994; Maudsley et al., 2000 
Promotes knowledge retention Norman & Schmidt, 1992; Coles, 1998; Albanese, 
2000; O'Neill et al., 2002 
Requires subject integration Mowat, 1999; Alle ne et al., 2002 
Responds to change Boud & Felleti, 1991; Tosteson et al., 
1994 
Supports nurturing Albanese & Mitchell, 1993 
Supports relevance Coles, 1998; Azer, 2001 
3.8 Meta-analysis of problem-based learning 
There are seven meta-analysis reviews available with regard to 
PBL evaluative 
research. The first, by Albanese and Mitchell (1993), analyses 
the effectiveness of 
research on PBL. Secondly, Vernon and Blake (1993) review 
literature covering years 
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of PBL research which: "1) recapitulate[s] all accessible data that compare PBL with 
more traditional methods of education and 2) examine[s] distinction in these data by 
common meta-analytic techniques, and 3) appraisal[s] of the apparent strengths and 
weaknesses for research in this field" (Vernon and Blake, 1993: 550). These and five 
more meta-analysis reviews are discussed below, covering literature published before 
2003 that concentrates on the effectiveness of PBL. 
In their meta-analysis of sixty-six PBL studies published in the English-language 
international literature from 1972 to 1992, Albanese and Mitchell (1993) compare 
PBL and LBL on twelve factors thought to be important indicators of a good medical 
education. The authors considered the following factors relevant for the study: (a) 
educational level of participants in the study (year in the programme); (b) scope of the 
intervention; (c) study design type; (d) numbers of participants in PBL and LBC 
interventions; and (e) specifics regarding the outcome measure used. These factors, 
the number of studies considered, and a brief summary of their analysis include: 
1. Basic science examination performance (10 studies): LBL generally higher 
than PBL (in six of the ten studies; three of these were significant, with p- 
values of 0.05). 
2. Clinical science examination performance (7 studies): PBL generally 
better than LBL (in five of the seven studies, although only one 
significantly). 
3. Thought processes promoted (3 studies): PBL teaches and uses backward 
reasoning, thus risking erroneous reasoning that would then need to be 
corrected. 
4. Study behaviours promoted (6 studies): PBL students study for 
understanding or to analyse what they need to know, and tend to make 
more use of library resources. 
5. Learning environment promoted (4 studies): Kellner Symptom 
Questionnaire showed PBL students to be substantially less stressed. PBL 
students generally rated their experience higher than LBL students in terms 
of meaningfulness, flexibility, emotional climate, nurturance and student 
interactions. 
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6. Students' satisfaction, selection and retention (10 studies): PBL found to 
be engaging, challenging, useful and enjoyable; LBL found to be 
irrelevant, passive and boring. 
7. Graduates' perceptions of their preparation (6 studies): PBL graduates 
view the quality of their training more positively than LBL in humanistic 
areas, clinical reasoning and preventive care. 
8. First choice of residency: (2 studies): 79% PBL vs. 59% LBL in one, and 
90% PBL vs. 71% LBL in another. 
9. Clinical ratings of graduates & undergraduates (7 studies): clear trend 
towards higher ratings for PBL by supervisors. 
10. Performance assessments of graduates (3 studies): generally good for PBL 
but worries regarding incomplete cognitive framework would likely cause 
more referral to specialists, resulting in a higher cost per patient. 
11. Specialty choices and practice characteristics (8 studies): general trend for 
PBL students toward family practice, but some concern about the 
likelihood of a solo practice because of group experience. 
12. Faculty members' satisfaction (8 studies): faculty find PBL a satisfying 
way to teach, due to the personal contact involved in small groups. 
The results of this meta-analysis indicate that PBL instruction is significantly superior 
in programme evaluations that examine educational atmosphere, curricula and 
individual courses. Furthermore, attendance tends to increase, whilst stress among 
students appears to decrease. Results show PBL students not to differ greatly from 
LBL students when tested on knowledge, but indicate that traditional students perform 
better in the National Board of Medical Examiners Part I (NBME I) in the United 
States. The authors conclude that the results support the superiority of the PBL 
method over more traditional methods. 
The results further indicate a small but significant trend in which clinical 
examinations favour PBL graduates. PBL students participating in the study were 
more likely to enter family medicine and reported feeling more nurtured. Overall, 
both staff and students felt more satisfied with their teaching-learning experiences 
than did LBL staff and students. On the other hand, however, some PBL students 
scored lower on basic science examinations and felt they were less prepared in the 
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basic sciences than non-PBL students. The study found that PBL graduates engaged 
in backward reasoning rather than forward reasoning, and revealed gaps in their 
cognitive knowledge base. 
Following these findings, Albanese and Mitchell conclude that more research is 
needed before an absolute and unqualified approval of PBL can be made: 
While weaknesses in the criteria used to assess the outcomes of PBL and general 
weaknesses in study design limit the confidence one can give conclusions drawn 
from the literature, the authors recommend that caution be exercised in making 
comprehensive, curriculum-wide conversions to PBL until more is learned about (1) 
the extent to which faculty should direct students throughout medical training, (2) 
PBL methods that are less costly, (3) cognitive-processing weaknesses shown by 
PBL students, and (4) the apparent high resource utilization by PBL graduates (1993: 
1). 
In a review of all available research published between 1970 and 1992 that compares 
PBL with more traditional methods of medical education, Vernon and Blake (1993) 
find 35 studies representing 19 institutions with health-related educational 
programmes containing significant PBL emphasis. The five separate sources they use 
for their meta-analysis include: (a) ERIC and MedLine; (b) prior literature reviews; 
(c) personal communications with investigators; (d) research report bibliographies; 
and (e) journals that were likely to publish PBL evaluations. Using effect-size and 
supplementary vote-count, Vernon and Blake carried out five separate meta-analyses: 
1. Students' Programme Evaluation (12 studies): PBL superior without 
exception on attitudes, opinion of faculty, class attendance, mood and 
stress. 
2. Academic Achievement (8 studies using the National Board of Medical 
Examiners Part I): effect size favours traditional curriculum, while vote 
count showed no difference. In 7 further studies on factual knowledge tests 
other than NBME I, a trend was observed favouring traditional curriculum, 
but was not statistically significant. 
3. Learning Process (2 studies on learning approach): both studies suggested 
PBL students use more "meaning" than "reproducing" and LBL more 
"reproducing" and less "meaning". In 4 further studies, on learning 
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resources used, PBL students used a greater degree of independent study 
than traditional students. 
4. Clinical Functioning (12 studies comparing PBL to traditional): PBL 
significantly better statistically on clinical performance. 
5. Clinical knowledge (4 studies): slight but non-significant trend favouring 
PBL. 
Vernon and Blake conclude that their results support overall the supremacy of the 
PBL, but they are less than fully conclusive: 
The present meta-analysis of evaluative research indicates that it is unlikely that 
students will suffer detrimental consequences from exposure to PBL 
programmes... The analysis highlights the need for methodologically rigorous studies 
that further address the value and effects of PBL" (1993: 561). 
In summarising these first two PBL meta-analyses, by Albanese and Mitchell (1993) 
and Vernon and Blake (1993), Wolf (1993: 544) states: 
The cumulative message after years of research is not definite. Uncertain results 
suggest there may be a problem with the way PBL is being studied. Two factors 
concerning the PBL literature are (a) the research being done by PBL practitioners 
who necessarily have bias tendencies, and (b) strictly quantitative research being 
used which decomposes and decontextualises the curriculum and does not consider 
the robust relationships within the PBL curriculum design. 
The implications and recommendations most strongly supported by the results of 
these first two reviews are as follows: (1) there is a paucity of good-quality studies 
and evidence available regarding the hypothesis that PBL produces learning and/or 
learners different from or superior to those derived from traditional approaches; (2) 
results are often incomplete and poorly reported in the existing primary research 
reports; and (3) there is tremendous need for well-designed, creative primary 
research-evaluation studies that examine important, clinically relevant behaviours and 
outcomes. 
The third review to be discussed here is that of Berkson (1993), who also conducted a 
meta-analysis of the literature on the effectiveness of PBL. Berkson's analysis 
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purports to establish whether or not PBL is fulfilling its promises, outlined in a series 
of seven questions: 
1. Do PBL curricula teach problem solving better than traditional curricula? 
To date there is no such evidence. 
2. Do PBL curricula impart knowledge better than traditional curricula? 
Superiority of PBL over traditional curricula cannot be assumed without a 
better understanding of how type, number and sequence of problems affect 
learning. 
3. Do PBL curricula enhance motivation to learn medical science better than 
traditional curricula? Motivation is hard to measure and PBL is not unique 
in its capacity to stimulate curiosity nor is it immune to factors that inhibit 
interest. No one has yet convincingly measured and compared the interest 
of a PBL student with that of a traditional student. 
4. Do PBL curricula promote self-directed learning (SDL) skills better than 
traditional curricula? Post-graduate practice of SDL strategies may prove 
more dependent on the proximity of available resources, peer expectations, 
role models, the physician's practice profile and time constraints than on 
"putative" skill previously acquired or refined in a PBL or traditional 
curriculum. 
5. Why does the product of a PBL curriculum seem indistinguishable from 
traditional curriculum? PBL and LBL products look the same at the end of 
the programme because of curriculum commonalities; students, texts, 
clinical practice, licence exams and faculty all homogenize the outcomes. 
6. Does PBL promote more student and faculty satisfaction than LBL? PBL 
students have difficulty with ambiguity of learning objectives and the need 
to prepare for licensing exams. Faculty complain about suppressing their 
expertise and competing academic expectations and time commitments. 
7. Does PBL cost more than LBL? Hard to determine but could be daunting 
for schools with a large number of students or small schools on a tight 
budget. 
Berkson also expresses concern that the PBL student cannot be 
distinguished from his 
or her traditional counterpart; that the PBL experience can 
be stressful for both 
students and staff; and that PBL can be unrealistically costly to 
implement. Yet 
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despite this, Berkson does also state that PBL students demonstrate greater 
engagement in learning, are more self-directed, and have higher levels of satisfaction 
with their course work. In that a PBL graduate is not distinguishable from a traditional 
graduate, Berkson concludes that PBL has not fulfilled its expectations, but considers 
that those expectations were probably unrealistic to begin with. She proclaims that 
concern over principles of learning and teaching methods are the strong points of 
PBL, and that its central weaknesses probably lie in its non-expert facilitator and cost 
issues. While the two curriculum approaches seem dichotomous, Berkson believes 
that in the years to come, environmental and accreditation pressures will likely force 
both curriculum designs to become more alike. 
A fourth meta-analysis study was conducted by Van Den Bossche et al. (2000). Here, 
the study design and quality criteria applied to the primary studies appear to be fairly 
nominal, increasing the likelihood that studies with significant weaknesses in terms of 
partiality minimisation were included in the review. The authors recognised the 
danger of partiality in the setting of studies and described what was, by the standards 
of most reviews, a fairly comprehensive search strategy. However, the search strategy 
included only a limited number of bibliographic databases and terms, and would 
therefore also appear to be inadequate in these respects (Egger & Smith 1998). 
A couple of years later, Smits et al. (2002a) carried out an evaluation of the efficiency 
of PBL in continuing medical education. An explicit search strategy including a wide 
range of bibliographic databases was used, but it appears that limited attempts were 
made to locate the so-called `grey' literature. This analysis adopted strict 
methodological inclusion criteria by including only randomised and controlled trials. 
Whilst this will have reduced the risk of partiality in the individual studies, it may also 
have meant that potentially useful studies of PBL using other designs were excluded. 
In contrast to the findings of other researchers and of their own expectations, Smits et 
al. conclude that there was no fixed evidence indicating the superiority of 
PBL 
compared to other educational methods as regards knowledge and performance, 
according to their own taxonomy of PBL. 
Having reviewed 8 studies on PBL (not using meta-analysis), 
Colliver (2000) 
concludes there to be "no convincing evidence that 
PBL improves knowledge base 
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and clinical performance" (2000: 259), but agrees that it may provide a more 
enjoyable approach to medical education: 
"PBL may provide a more challenging, motivating and enjoyable approach to 
medical education but its educational effectiveness compared to conventional 
methods remains to be seen" (2000: 266). 
Newman (2003) responds to this by identifying the need for a systematic review and 
meta-analysis of the existing research evidence, following a study asking whether or 
not PBL results in increased participant performance when compared to other 
approaches. The development and piloting of such a study by a group of researchers 
convened under the Campbell collaboration, which followed specific criteria and 
guidelines for identifying relevant studies and synthesized the results both 
qualitatively and quantitatively in order to provide potential evidence. PBL was used 
in higher education programmes for health professional education at both pre- and 
post-registration levels; the pre-registration students of medicine were the majority 
reported. 
From the five meta-analyses studied by Newman, 91 citations were identified, of 
which 15 met the criteria. Of these 15, only 12 were reported to have extractable data. 
A summary of the findings for these 12 citations follows: 
1. A small number of effects were reported on `impact on practice' and on 
`approaches to learning'. 
2. The data that was extracted from the papers gave very little information 
about the design, preparation or delivery processes of either the PBL 
intervention, or of other educational methods to which PBL was being 
compared. 
3. A range of measurement instruments were used and various outcomes 
observed in the studies that reported `effects on practice'. 
4. In the `attitudes to practice' study, the effect sizes found favoured PBL. 
5. Two studies reported effects on `approaches to learning'. These used a 
range of instruments and reported five effects. 
In both studies, the results 
favoured PBL on all the scales. 
6. The PBL groups had fewer of the undesirable and more of the 
desirable 
`approaches to learning' after the intervention. 
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7. It was reported that there were sufficient effects to justify an attempted 
meta-analysis. 
8. Sensitivity analysis suggested that study design, randomisation, level of 
education and assessment format are all potential moderating variables, but 
the results were not conclusive. 
9. Only one study reported effects on `satisfaction with the learning 
environment' that met the review inclusion criteria. 
10. The study in an undergraduate medical education programme required 
students to rate their experience on a series of scales. 
11. The largest effect size in favour of PBL was the students' rating of 
innovation. 
Newman (2003) concludes that the term `PBL' is issued in relation to a wide range of 
practices, and that the descriptions of the PBL and the control (LBL) group were not 
enough to highlight the main features of the approaches used. Having found that some 
results favoured the PBL group whilst others favoured the control group, then further 
recommended the need for a consistent report of the main characteristics of the PBL 
methodology used in a particular study, stating that since most of the reviews do not 
provide enough evidence to support the wide use of PBL without further research, 
there should be a system and research plan for the evaluation of the studies. 
The last meta-analysis to be discussed here is that of Dochy et al. (2003). This study 
reviewed 43 articles demonstrating that PBL has a positive effect on participants' 
ability to apply knowledge. 
Dolmans et al. (2005: 737), however, point out weaknesses of Dochy's and other 
studies conducted since 2000: 
"These studies conducted since 2000 focused mainly on comparing conventional and 
PBL curricula and measuring the outcomes or effects of PBL. The weakness of these 
reviews is that they do not focus on theoretical claims behind PBL, 
due to which they 
do not provide us with better insights into why not PBL might work under which 
circumstances" 
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In all, the seven meta-analyses discussed above provide different results based upon 
an attempt to "let the research speak. " Each analysis draws from basically the same 
literature base and the message is mixed. Furthermore, these meta-analysis reviews 
have no convincing evidence that PBL strategies are superior to other educational 
strategies. Furthermore, one strong and consistent theme appears to be the need for 
further research using suitable designs and focusing on the link between theory and 
practice. 
The purpose of the current study is to participate in and respond to this ongoing 
debate. 
3.9 Comparison of problem-based learning and lecture-based learning 
Here a review of previous literature studying problem-based and lecture-based 
learning will aid a comparison of the two methods. 
Firstly, Newman (2003) evaluates an experimental study of the effectiveness of PBL 
in a continuing education programme for nurses from 6 London hospitals in the 
United Kingdom. This study involves a randomized control trial comparing PBL with 
LBL teaching methods in terms of assessment results, student satisfaction, student 
workload, teacher workload, approaches to study, assessment of teamwork and 
communication skills and assessment of changes in practice including post-course 
follow-up. The results indicate a lower level of satisfaction among students in the 
PBL curriculum than among those in the traditional curriculum; the dropout rate was 
also ten times greater than those in the control curriculum and did not appear to meet 
students' expectation on learning, teaching or their role as a student. 
A study by Claessen and Boshuizen (1985) summarises the problem-solving skills of 
students from a traditional school and compares them with the problem-solving skills 
of PBL students. In this study, each student was asked to read, process and write a 
differential diagnosis of information contained in case histories. Small but reliable 
differences were found in favour of the PBL students. 
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Bligh (2000) also reports higher scores among PBL students in problem solving, team 
working, and motivation, but finds the students more anxious regarding clarity of 
objectives and standard of work required. A study of nursing students by Morales- 
Mann and Kaitell (2001), on the other hand, revealed that PBL "produced clear 
benefits for students, such as increased autonomous learning, critical thinking, 
problem solving, and communication" (2001: 13). 
Elstein et al. (1978) also address problem solving at length, querying whether there is 
a general skill of problem solving that physicians develop to apply to medical 
decisions, or whether there is a specific medical problem-solving process. The results 
of a five-year study show that problem-solving methods are similar across disciplines, 
but that medical students may have more opportunity to practise problem solving 
during their clinical experiences and, therefore, are more likely to develop the skill. 
On this matter, it has been suggested that, although the hypothetico-deductive method 
may be used by novice problem solvers, this is not the method used by experts and is 
generally thought to be weak (Patel et al., 1990). Evidence suggests that expert 
problem-solvers become experts not only by practising a certain skill of problem 
solving, but by the attainment of relevant knowledge to accompany practice, using 
cognitive structures. These cognitive structures have been termed "illness scripts" 
containing a "wealth of clinically relevant information about disease, its 
consequences, and the context under which illness develops" (Schmidt et al., 1990). 
If, however, claims that problem-solving skills are derived from practice are correct, 
and if it is also true that students in a PBL curriculum start problem solving earlier, it 
seems that PBL graduates would have better problem-solving skills than graduates 
from traditional medical schools. This proposition will now be explored. 
In one study, which reviews the performances of students from two different medical 
schools (one with a PBL curriculum and one with an LBL curriculum), students were 
asked to explain how a metabolic deficiency and a specific disease could 
be summed 
up. Students from the PBL curriculum appeared to take an analytical approach to the 
problem by first considering the biochemical aspects, and later 
linking them to the 
clinical aspects of the problem (Jayawickramarajah, 1996). 
Students in the 
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conventional curriculum, however, tended toward a more memory-based approach, 
resulting in less accurate answers. It was thus deduced that students in a PBL 
curriculum are more likely to retain knowledge as they seek solutions to problems 
than students following a conventional curriculum (Schmidt et al., 1990; Mennin et 
al., 1993; Vernon and Blake 1993). Claessen and Boshuizen (1985) attribute this 
improved ability to retain knowledge to the PBL students' extra experience in 
working with patient problems. 
3.9.1 Teaching content 
Having looked at student performance and problem-solving skills, it follows that we 
focus on the teaching content and methods used to achieve these ends 
The question "Do PBL curricula teach course content better than LBL? " may be no 
different to the question "Do PBL curricula teach problem solving better than LBL? " 
- it may be that these two issues cannot be considered or answered separately. In 
order to answer these questions, those studies will be considered which involve 
differences in examination performance between PBL students and those following a 
more conventional curriculum students, on the assumption that this is an accurate 
measure of course content and teaching. 
To start with, data comparing graduates from the McMaster Medical University PBL 
programme with all other graduates of Canadian Medical Schools show comparable 
performance on the Canadian qualifying examination. These qualifying examinations 
are multiple-choice, similar to the licensing board examinations in the United States. 
McMaster graduates of the seventeen graduating classes since 1972 averaged 89 % on 
their first-attempt, with an 89-96 % first-attempt pass rate for all graduates (this figure 
includes those following PBL and those following other curricula) (Neufeld, 
Woodward et al., 1990). 
Santos-Gomez et al. (1990) further study the performance of PBL graduates. Here, 
data from 130 students was collected in order to evaluate, among other variables, 
perceptions of the students' knowledge by supervisors, nurses and peers. 
Following 
comparisons between PBL and LBL graduates, Santos-Gomez et al. 
indicate that PBL 
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students score higher in supervisor- and self-ratings on all categories, but lower than 
LBL graduates when rated by nurses (Santos-Gomez, 1990). 
Studies recapitulating students' scores on single tasks produce varying results. In one 
study, students were asked to choose between a PBL approach and a traditional 
approach for a four-week curricular segment on haematology (Eisenstaedt et al., 
1990). Volunteers received PBL methods of instruction and non-volunteers received 
the traditional didactic course. In a final evaluative examination, test scores showed a 
lower score overall for the PBL students. However, in a follow-up examination 
administered two years later, the control group scores had dropped quite significantly 
to almost the same level as the PBL group scores, whilst PBL scores remained at 
almost the same level and therefore almost equal to LBL results obtained at the same 
time (Eisenstaedt et al., 1990). 
Also in order to evaluate and compare performance, Verwijnen et al. (1990) collected 
progress test scores from six classes (one from each year of the six-year curriculum) 
at the University of Limburg, the only non-traditional medical school in the 
Netherlands, and compared them with the scores of students from the other medical 
schools in the Netherlands. This progress test was an achievement test given 
periodically to all students at Limburg to evaluate their progress as well as to evaluate 
the curriculum. Scores for Limburg students were somewhat lower than those from 
two of the other schools at three measuring points, but by the sixth year the 
differences had disappeared. 
3.9.2 Self-Directed Learning (SDL) 
Many medical educators have said that there is need for physicians with self-directed 
study skills (Neame and Powis, 1981; Barrows, 1994; 
Muller, 1984; Tosteson, 1994). 
When PBL was introduced, emphasis was placed on the purported 
benefits of students 
cultivating problem-solving skills, and of 
improved course content (Barrows and 
Tamblyn, 1980; Barrows, 1996). With disappointing results in these two areas, 
however, emphasis shifted to activities that would foster self-directed 
learning (SDL) 
skills (Neufeld et al., 1989). 
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In 1984, a panel convened by the Association of the American Medical Colleges to 
evaluate the professional education of physicians presented a report recommending 
the adoption of evaluation methods to identify those students who can learn 
independently and to provide resources to (i) enhance this ability, and (ii) foster 
independent learning in those students who were identified as less capable in this area. 
The stated reason for this was to allow physicians to keep abreast of new scientific 
information and new technology in a rapidly changing scientific arena (Muller, 1984). 
Tosteson (1994: 235) elaborates on the necessity of producing physicians with SDL 
learning capabilities: 
"The strongest forces for change in medicine are the discoveries that are transforming 
our ideas about human biology and our place in nature. New insights in the natural 
sciences, particularly molecular and cell biology and astrophysics, are moving us 
toward a new philosophy of health and disease and every other aspect of our 
existence. Scientific discoveries are also altering medicine in a more immediate and 
palpable way, by informing the development of new forms of technology. The trend 
is accelerating and will require that physicians master an ever more specialized body 
of knowledge in order to make skilful use of the new technology. " 
Neame and Powis (1981) report on their work at Newcastle University Medical 
School, New South Wales, where curriculum revisions were required that would teach 
students to be responsible for and to structure their own learning. Their analysis of the 
learning process reveals the following six important issues for independent learning, 
which were addressed through the integration of tutoring sessions with no more than 
eight students per tutor (Neame and Powis, 1981: 886): 
1. Individuals must be able to recognize areas of deficiency in their 
knowledge and be sufficiently motivated to seek to remedy such 
deficiencies. 
2. They must perceive and recognize appropriate triggers or cues that initiate 
and orientate their studies. 
3. Individuals must define the scope of their study by generating specific 
questions to be answered. 
4. They must seek and gather relevant data and information from available 
resources. 
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5. They must evaluate critically the data in terms of validity and relevance to 
the questions asked. 
6. Finally, the individual must integrate the newly derived knowledge with 
their existing knowledge. 
Through the habit of continuous self-evaluation and self-education, it is claimed that 
PBL students find out how to learn and analyse their own thinking, ideas, logic and 
data analysis, and watch others do the same, in what is known as a cyclic reasoning 
process. However, while PBL facilitates the constructs of SDL, this is no guarantee 
that students will become expert self-directed learners. In fact, previous literature 
reports mixed results of the effects of PBL on SDL. 
In addition, SDL is ill-defined and, therefore, difficult to measure. Marton et al. 
(1984) suggest that definition may be possible by observing how students study, in 
order to infer the learning processes that are operating and, in turn, determine the 
quality of what is learned. Thus in a qualitative study of student-directed discussion in 
four PBL tutorial groups, Wilkerson, Hafler and Liu (1991) identify five themes 
important in characterizing the extent to which students direct their own learning: (a) 
initiation of topics; (b) style and pattern of facilitator talk; (c) use of questions; (d) 
pattern of student-facilitator interaction; (e) presence of pauses and interruptions. This 
study is significant in defining the elements most useful in building a model of SDL. 
Two further observations prevalent in the literature relating to SDL warrant mention. 
Firstly, students overwhelmingly report that, whilst they need to study harder, they are 
more motivated to do so when following a PBL curriculum (Barrows, 2000). 
Secondly, many authors allude to a need to provide more direction and structure early 
in the PBL experience, gradually allowing more self-direction as learners progress 
(Barrows, 2000). Of these two observations, the former provides justification for the 
implementation of PBL in relation to SDL, while the latter provides insights on how 
to develop SDL once PBL is implemented. 
Whilst Fish and Coles (2005) claim confidently that PBL fosters independent 
learning, an effective evaluation method to test such claims is lacking (Schmidt et al., 
1987). Furthermore, whilst students say that they have cultivated self-directed study 
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skills (Woodward et al., 1990), and it has in fact been shown that students in a PBL 
curriculum do employ more outside learning resources than students in an LBL 
curriculum (Azer, 2001), it remains to be seen whether or not all of the anticipated 
benefits of PBL in fostering self-directed learning (SDL) will be realised. Clearly, 
further and more long-term research studies are needed in relation to this issue. 
3.10 The use of PBL as a methodology to provide the human genetics 
component in medical education 
Barrows and Tamblyn (1980) were among the first to describe the application of PBL 
methodology to the teaching of human genetics within medical schools (1976). It was 
not until nearly five years later, however, that other literature on this topic began to 
appear in reference books and medical journals. Even so, the amount of such literature 
has been extremely sparse. 
Adkinson and Volpe (1994) examine the impact of increasing student exposure to 
medical genetics through a problem-based curriculum during the first two years of 
medical training at Mercer University School of Medicine in Georgia, which was the 
first medical school in the United States to utilize PBL as the sole educational method 
through which students learn the basic sciences. When comparing Mercer's PBL 
curriculum with other schools' curricula, they report that it more than tripled the 
number of hours spent by students discussing concepts of genetics in a formal setting, 
and that not one of Mercer's students chose to drop the genetics modules during his or 
her first two years of medical education. Adkinson and Volpe conclude that Mercer 
students "are being challenged to view the genetics of a patient as importantly as any 
other presenting feature" (1994: 1). 
The use of PBL for teaching about genetics to medical students was stimulated by the 
report `General Professional Education of the Physician' GPEP (Muller, 1984), which 
may be summarised as follows: 
"Faculties should emphasize the acquisition of skills, values and attitudes by students 
at least to the same extent that they do the acquisition of knowledge; this requires 
limiting the facts that students are required to memorize. Education should be 
flexible in order to accommodate changing demography and modifications in the 
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health care system. Students should be encouraged to set attainable educational goals 
and to learn independently; faculties should provide opportunities and unscheduled 
time to further the development of those skills. Educational experiences should 
require students to become problem-solvers rather than passive recipients of data, and 
basic science and clinical education should be integrated to enhance learning of the 
basic principles and to promote their application to solving clinical problems" (1984: 
128). 
Questions arising about the extent to which these objectives are consistently met 
within PBL curricula have been addressed in a variety of ways, some of them more 
satisfactory than others in answering the general evaluation question `Does PBL work 
in medical education? ' 
3.11 The relevant literature base in Saudi Arabia 
As we have seen, medical schools all over the world have been influenced by 
developments in medical school curricula, resulting in the emergence of problem- 
based instructional methodologies. Within the Middle East specifically, three PBL 
medical training programmes have been formed, at Al-Jazera University in Sudan, the 
Arabian Gulf University in Bahrain and Suez Canal University in Egypt. The PBL 
method has not yet been employed in the country of Saudi Arabia, however. 
Examining the use of PBL in Middle Eastern medical training, Saudi Arabian medical 
educators Al-Sebai et al. (1982) ask whether a single curricular model is appropriate 
for Saudi medical education and, if so, whether the model should be "traditional" or 
"more innovative". They conclude that the Saudi curriculum needs to move towards 
innovative methods in order to be comparable to other countries. 
There have been no previous studies, however, contrasting the outcomes of different 
teaching models in the medical education programmes of Saudi Arabia, and certainly 
none focusing on the incorporation of genetics knowledge 
into Saudi medical 
curricula. The current study aims to fill this gap, as detailed 
in Chapter Two, through 
a comparison of PBL with the lecture-based case 
(LBC) teaching method at four 
colleges of medicine in Saudi Arabia (see Chapter 
2.5, `Research Question'). 
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3.12 Summary 
In this chapter, PBL has been looked at from a different perspective. The literature has 
been reviewed to answer a variety of questions asked about PBL, such as: 
" What are the characteristics of PBL? 
" Where and how has PBL already been implemented? 
" How should PBL be evaluated? 
" What has been found about the impact of PBL approaches? 
" Is there any relevant literature about Saudi medical education with regards 
to PB L? 
9 What is the place of human genetics in PBL methodology? 
Both quantitative and qualitative studies report benefits of PBL among students and 
practitioners, the vast majority of these in medical education. This study will delve 
further into an analysis of these benefits, aiming to discover whether Saudi students 
receiving PBL instruction are ultimately better-prepared to think critically and ask 
better assessment questions than students who are taught using the lecture-based 
textbook and lecture method. Evaluation of PBL is essential, in order for the faculty at 
the Saudi medical colleges to have the evidence necessary to determine whether or 
not this method should become institutionalized, i. e. move from being a novel 
experiment and gain a permanent status. 
With the support of previous literature on medical education, the above questions 
have been addressed within this chapter; research question described in Chapter 2.5 
remains to be answered: 
0 What is the impact of the Problem-Based Learning (PBL) curriculum on 
undergraduate medical students in Saudi Arabia? 
The next chapter covers the research methodology and 
design used in this study, 
incorporating both qualitative and quantitative research approaches 
in search of 
answers to this question. 
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Section III: Process of Empirical Study 
Chapter Four 
Research Methodology 
Chapter Four 
Research Methodology 
4.1 Introduction 
Wellington has described methodology as the "activity or business of choosing, 
reflecting upon, evaluating and justifying the methods you use" (1996: 16). 
In the current study, the research approach involved a descriptive case-study 
methodology embedded in an experimental design, the case study being based around 
the "bound system" (Merriam, 1990: 28-29) of a genetics module taught using PBL 
teaching methods. 
The study involved two treatments, or curricular interventions, in the aim of 
examining in depth the benefits and problems involved in introducing to medical 
education the teaching methods of PBL (Problem-Based Learning) and, more 
specifically, CPBL (Closed Problem-Based Learning), comparing these benefits and 
problems with those of the more traditional LBC (Lecture-Based Case) approach. 
CPBL and LBC each represent an extreme of Barrows's (1986) problem-based 
learning taxonomic model. 
Students participating were randomly assigned using a computerised random-number 
generator to groups that would each be taught using either PBL or LBC methods. 
Each group was divided into pre-clinical and clinical levels, to which two treatments 
were applied. These treatments included a human biochemical disorder (HBD) and a 
human chromosomal disorder (HCD), which are the first two modules of the human 
genetics unit and thus represent the point in the current (LBL) curriculum where 
information about genetics is introduced. 
The research was carried out in Saudi Arabia, a country where recent experiments 
with PBL within undergraduate medical education are in need of evaluation. 
As the 
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human genetics unit is essential for an understanding of disease generally and in 
Saudi Arabia particularly (Al-Muhanna & Bella, 2006), this was used as a case 
subject in which to examine the different teaching methods. The unit selected 
consisted of two 2-hour sessions per week over a 4-week period, divided into two 
modules, the first relating to biochemical disorders (HBD) and the other relating to 
chromosomal disorders (HCD). Half the students were taught using a closed-loop 
problem-based method (CPBL) and the other half using a lecture-based case (LBC) 
method. 
The initial remit for this research was with one university, focusing on 64 pre-clinical 
and 152 clinical undergraduate students in their medical college. During a briefing of 
the Saudi Deans' Council (SDC), however, three other universities became very 
interested in the research. Consequently, subjects for the study now include 
undergraduate students in the pre-clinical and clinical phases of the medical courses at 
four medical colleges in Saudi Arabia, as shown in table 4.1. Four hundred and 
eighty-four students took part in the research, of which 232 were at the pre-clinical 
phase and 252 were at the clinical phase. These involved both male and female 
subjects, who were instructed separately as with all other courses in the curriculum. 
The names of the four participating universities have been replaced in this report with 
the letters A, B, C and D to protect their identities. 
Table 4.1 Distribution of student groups for the curricular interventions 
Pre Clinical Clinical 
University 
LB C PBL LBC PBL 
A 
Female 
24 
Male 
24 
Female 
24 
Male 
24 
Female 
14 
Male 
16 
Female 
14 
Male 
16 
Total 
156 
B 15 16 15 14 24 28 24 28 164 
C 12 8 12 8 12 12 12 12 88 
D 8 8 10 10 11 10 9 10 76 
Total 59 56 61 56 61 66 59 66 
484 
484 
Total 115 117 127 125 
84 
Total 232 252 
4 
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Approval for the use of individuals participating in this study was secured from the 
Saudi Deans Council (SDC) of the medical colleges at the Ministry of Higher 
education in Saudi Arabia and the School of Education at Durham University (see 
Appendices E and F). 
The study involved a variety of research methods designed to test the research 
hypotheses. As defined by Cohen et al. (2004), research methods are a range of 
approaches used as a basis for inference and interpretation, for explanation and 
prediction. The following discussion of the process of scientific inquiry in general 
will aid a later exposition of the particular process and details of the methods used for 
the current study. 
4.2 Mixed methodology: qualitative and quantitative 
Firstly, all research methods can be classified broadly into qualitative and quantitative 
strategies (Bryman, 2004). Quantitative research methods include the examination of 
hypotheses and research procedures; the control of contextual factors that might 
interfere with the interpretation of the results; an awareness of sample size to avoid 
over interpretation; and little personal interaction between researchers and 
participants, since most data is gathered using paper-and-pencil or similar non- 
interactive instruments. 
Qualitative research methods, on the other hand, are often perceived to be based on an 
entirely different set of beliefs and aims to those of quantitative research methods. 
Many qualitative researchers do not see the world as stable, uniform and coherent 
(Gay & Airasian, 2003). Gay and Airasian argue that all meaning is situated in a 
particular perspective or context and, since different people and groups have different 
perspectives and contexts, there are many different meanings in the world. Sources of 
qualitative data are open-ended questions, interviews, observations, phone calls, 
personal and official documents, photographs, recordings, 
drawings, e-mail and 
informal conversations (Gay & Airasian, 2003; Bryman, 2004). The most commonly 
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used qualitative methods are open-ended questions, interviews and observations. In 
this study, we have used the open-ended question method. 
Depending on the type of research, a researcher may find one approach more 
appropriate than the other. Both approaches can, however, borrow from one another 
or be used together (Gay & Airasian, 2003; Bryman, 2004). For example, the 
administration of a questionnaire (quantitative) may be followed up by open-ended 
questions (qualitative), and this is what was used in this study, to obtain deeper 
explanations for the numerical data. Bryman (2004) refers to the use of one approach 
as `mono-method' or `mono-strategy' research, and the mixed quantitative/qualitative 
approach as `multi-strategy' research. 
4.3 Types of instruments 
The issue of how best to ask questions should be a matter of concern to every 
researcher when constructing a research instrument (Bryman, 2004), since questions 
are always used in some form or other for the collection of data. A well-planned and 
carefully constructed research tool will both increase the response rate (Burns, 2000) 
and greatly facilitate the summarization and analysis of the data collected. 
The current study has used surveys with open-ended questions in order to collect data. 
According to Bryman (2004), data in survey research is predominantly collected using 
questionnaires at a single point in time, with an underlying assumption that the 
respondent will be both willing and able to give truthful answers (Burns, 2000). 
According to Tuckman (1999), these research techniques enable researchers to 
measure what someone knows (knowledge or information), what someone 
likes and 
dislikes (values and preferences) and what someone thinks (attitudes and beliefs). 
Three kinds of items are generally employed to construct questionnaires. 
These are 
closed items (e. g. yes/no questions), open-ended items (where the answer 
is neither 
guided nor limited by the question) and scale items (involving a set of verbal 
items 
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requiring the respondent to indicate degrees of agreement or disagreement (Burns, 
2000)). 
The advantages and disadvantages of using each of the items employed in 
questionnaires are discussed below. 
4.3.1 The advantages and disadvantages of using closed items 
Closed items usually permit the respondent to choose from a set of fixed alternatives 
(Bryman, 2004). The most frequently used are the dichotomous items which offer two 
alternatives only, for instance yes / no or agree / disagree. The researcher ensures that 
the alternatives offered are exhaustive. The advantages of using closed items are: 
1. They achieve greater uniformity of measurement and therefore greater 
reliability. 
2. It is easy to process answers because respondents are forced to reply in a 
manner fitting the response categories. 
3. They enhance the comparability of answers because they are easily coded. 
4. They reduce the possibility of variability in the recording of answers in the 
structured interviewing. 
Disadvantages of closed items include the following: 
1. Respondents may feel frustrated if none of the alternatives are suitable. 
2. There may be a variation among respondents in the interpretation of 
forced-choice answers. 
3. It is difficult in practice to cater for all possible answers or to make the 
forced-choice answers exhaustive. 
4.3.2 The advantages and disadvantages of using open-ended items 
Open-ended items do not put any restriction on the respondents, who can reply 
however they wish when asked a question (Cohen et al, 2004), and thus 
form the 
essential ingredient of unstructured answers (Williams, 
2003). The advantages of 
open-ended items are: 
1. Respondents' answers can be probed for more depth. 
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2. Respondents are free to answer in their own terms. 
3. They allow unusual responses to be derived. 
4. They encourage cooperation and help to establish rapport. 
5. They are useful in generating fixed-choice format answers. 
Open-ended items do have some disadvantages, including the following: 
1. They have to be coded, which is time-consuming. 
2. They are time-consuming for researchers to administer because 
respondents are likely to write for longer than is usually the case with 
comparable closed questions. 
3. They require a greater effort from respondents. 
4. The respondent may choose to avoid the question or go off at a tangent. 
4.3.3 The advantages and disadvantages of using scale items 
The most common scale items are attitude scales (Fraenkel & Wallen, 2006). Fraenkel 
& Wallen emphasize that the basic idea behind all attitude scales is that it is possible 
to measure attitudes by asking individuals to respond to a series of statements of 
preference. According to Gay and Airasian (2003), attitude scales determine what an 
individual believes, perceives, or feels about him/herself, others, activities, institutions 
or situations. The five basic types of attitude scale described by Gay and Airasian are 
the Likert scales, semantic differential scales, rating scales and the Thurstone scales, 
of which the Likert scale is most widely used (Fraenkel & Wallen, 2006). Most 
researchers look at measuring attitudes by creating a scale from a series of items. 
According to Gay & Airasian, 2003; Cohen et al, 2004, the advantages of scale items 
are as follows: 
1. They provide more discrimination than dichotomous questions, rendering 
data more sensitive and responsive to participants. This is particularly 
useful for tapping attitudes, perceptions and opinions of respondents. 
2. They combine the opportunity for a flexible response with the ability to 
determine frequencies, correlations and other forms of quantitative 
analysis. 
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3. They allow the researcher the freedom to fuse measurement with opinion, 
quality and quantity. 
4. The empirical data obtained regarding subject responses is easy to analyse 
at a low level, although the possibilities of complex analyses open up. 
The disadvantages of scale items include (Gay & Airasian, 2003; Cohen et al, 2004): 
1. The researcher can never be sure that the respondents are truthful in their 
expressions because scales are self-report instruments, although some 
instruments include deliberate checks for truthfulness. Every effort should 
therefore be made to increase honesty of responses by giving appropriate 
directions to the respondents before completing the items. 
2. Scores can be meaningful only to the degree that the respondents are able 
to respond and select choices that truly characterize them. 
3. One cannot infer that the intensity of feeling in the Likert scale between 
"strongly agree" and "agree" somehow matches the intensity of feeling 
between "strongly disagree" and "disagree" because these are illegitimate 
inferences. 
4. The existence of a response set is common, i. e. there is a tendency among 
participants to respond continually in a certain way, for example to always 
select "agree" or to choose those items that the respondent believes are 
socially acceptable to the researcher. Several techniques have been 
developed to help avoid this problem. 
4.4 Constructing the questionnaire 
The main purpose of the questionnaire used in this study 
is to yield reliable evidence 
related to its objectives. It is a scientific tool for the collection and measurement 
of 
particular kinds of data, and not just a list of questions to 
be answered. Questions need 
to be carefully constructed and relevant to the 
hypotheses of the study. 
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According to Oppenheim (1992: 100), 
"The questionnaire has a job to do: its function is measurement. But what is it to 
measure? The answers to this question should be contained in the questionnaire 
specification. Many weeks of planning, reading, design and exploratory pilot work 
will be needed before any sort of specification for a questionnaire can be determined, 
for the specification must follow directly from the operational statement of the issues 
to be investigated and from the research design that has been adopted. " 
Slavin (1984), McKernan (1991) and Gay and Airasian (2000) suggest that, in order 
to build a good questionnaire for any research in educational and social fields, there 
are general guidelines to be followed. Questions need to be easy to understand rather 
than long and complex; they should be significant or specific to the study; questions 
which have two parts should be separated; and, in multiple choice questions, all 
possibilities should be mentioned. 
Cohen and Manion (1989) discuss four types of questionnaire: the mailed 
questionnaire, the self-administered questionnaire, the group-administered 
questionnaire and the electronic questionnaire, which now takes place via. the Internet 
in various fields of inquiry. 
In this study, the researcher has used a self-administered questionnaire, in order to 
help ensure that all questions were answered and to assist the respondents in 
understanding the questions that were not clear or comprehensible to them. The 
questionnaire consisted of closed questions, since these are considered easier and 
quicker to answer, and because quantification is straightforward, 
facilitating data 
analysis. 
Gay and Airasian (2000), Oppenheim (1992) and Cohen et al. 
(2001) state that the 
most important advantages of the questionnaire are as 
follows: 
1. It is not difficult to allocate and complete. 
2. It is possible to distribute to many different samples simultaneously. 
3. Response are easy to count and the figures easy to enter 
into a table. 
4. Reply to the questionnaire through writing gives the respondents a means 
of expression themselves anonymously. 
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5. Questionnaires 
are able to reach respondents in remote or distant areas. 
On the other hand, McKeman (1991) and Gay and Airasian (2000) highlight the 
disadvantages of the questionnaire, such as: 
1. Sometimes questionnaire data need more time for analysis, especially if 
they include open-ended questions. 
2. In some instances, respondents do not complete the questionnaire or 
provide dishonest answers. 
3. Entering the responses into a computer program for analysis may cost a lot 
of money. 
Prior to the main fieldwork application and as a first step in the design of the 
methodology instrument (questionnaire) applied in this study, the researcher had 
preliminary contact with people belonging to the different universities. 
In order to develop the questionnaire for this study, it was necessary to read previous 
studies to see if a suitable tool already existed which had previously been tested in a 
similar context to the current study. Unfortunately, no suitable tool for the sample was 
found and, as a result, the researcher needed to design appropriate questions for this 
study. In order to construct a suitable questionnaire (see Appendix A), the researcher 
conducted a review of other literature related to questionnaire design, such as Krakov 
et al. (1990), Mitchell (1992) and Wilkerson et al. (1991). 
The questions were designed to invite responses along a seven-point scale, where 1 
represented the least and 7 the most true/representative/etc., in order to give 
respondents more freedom of choice. This is a commonly-used method in educational 
and social fields (Robson, 1996). 
4.5 Research hypotheses 
In order to evaluate the hypotheses set out in Chapter 2.7, the current study used a 
mixed methodology (quantitative and qualitative) employing Likert-type scales and 
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open-ended questions, collecting data on students' cognitive, behavioural and 
experimental responses to the PBL and LBC curricula. The data were collected in a 
variety of ways, including a demographic questionnaire, an attitudinal survey, a 
cognitive behaviour survey and a course evaluation survey. These methods of data 
collection are discussed in detail below and in Appendix A. 
4.6 Methods of data collection 
4.6.1 Demographic Questionnaire (DQ) 
Prior to the curricular intervention, students completed a demographic questionnaire 
which secured information about such factors as their age, year of study, interest in 
human genetics, pertinent work experience, previous coursework in human genetics, 
and prior exposure to and perception of PBL methods and case-study approaches. 
4.6.2 Attitudinal Survey (AS) 
This survey collected information about subjects' attitudes to learning and to patient 
problems. A self-report Likert-type survey was used, modelled after one developed by 
Krakov, Preston and Rubin (1990). It was administered both before and after the 
study, with a comparison of pre- and post-test scores in order to detect and analyse 
any differences between treatment groups. Random administration of pre-attitudinal 
surveys was utilized to reduce the potential for the testing itself to negatively affect 
the survey's internal validity. A self-report survey of the students' working 
knowledge of medicine was included in this survey. 
4.6.3 Cognitive Behaviour Survey (CBS) 
A cognitive behaviour survey was used to measure changes in learning 
behaviour 
over the course of this study. The CBS was patterned after a survey 
developed at 
Harvard Medical School to monitor learning strategies for students in the school's 
PBL track (Mitchell, 1992), where survey items were created by faculty and via 
student interviews about learning behaviour and strategies. Three 
levels of 
information were provided by the CBS: a) descriptive data about learning behaviour, 
learning experience and epistemological beliefs gathered by Likert scale, rank-order, 
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and fill-in questions; b) measures of cognitive behaviour were based on the 
categorization of responses to memorization, conceptualization and reflection scales 
which indicated the extent to which students viewed learning in a positive or negative 
light. 
The survey included several subscales: 
" The knowledge retention / reflection sub-scale, divided into ten items and 
providing specific information on the use of rote learning techniques, 
beliefs about the role of memorization in learning, and the degree of 
reliance on memorization in reading comprehension. (Reflection includes 
integrating information from different disciplines, reviewing previously- 
studied materials for similarities and differences, and making conscious 
decisions about organising material and self-assessing understanding). 
9 The knowledge requirement sub-scale, which included six items assessing 
students' awareness of their genetics knowledge. 
9 The problem-solving and critical thinking sub-scale, including six further 
items constituted which assessed students' ability in reading, in 
remembering a large number of details, in formulating conceptual models 
and in constructing mental pictures to represent information. 
9 The motivation sub-scale, with ten items asking students to qualify in 
writing their motivation in association with the human genetics course. 
0 The self-directed learning scale, comprising eight further items that 
assessed how students learn by themselves, i. e. without direction from 
their tutors. 
0 Finally, the sub-scale relating to level of preparation included three items 
and assessed whether students study alone or with other students, and how 
regularly. 
4.6.4 Course Evaluation Form (CEF) 
The following measures were used in order to evaluate the course: 
1. Semantic differential questions to judge tutorial content and format 
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2. Forced-choice items to indicate the relationship of learning outcomes to 
subjects' expectations 
3. Numeric replies to describe time investment and extent of genetic study 
4. Likert-type scales, identical to those in the tutor journal, to measure 
student-centred tutorial discussion 
5. Open-ended questions to expand on genetic topical activity and to solicit 
questions, comments or suggestions from subjects 
6. Forced-choice descriptors of objective fulfilment 
7. Multiple choice format and open-ended questions to secure suggestions for 
future improvement in the curriculum. 
To ascertain the likelihood and possible effects of contact between curriculum groups, 
subject awareness relating to the activities of other groups was assessed. These 
evaluations were completed anonymously. Forms were provided to students on the 
last day of the study unit and were completed in the classroom. 
4.6.5 Genetics Unit Examination (GUE) 
The genetics unit examination was used to test mastery of unit content. This 
examination was written by the Genetics Instructor at University B, and by the 
researcher. To ensure content validity, expert input was provided by lecturers and 
tutors in human genetics in the other Saudi universities participating (Universities A, 
C and D). 
The examination comprised two parts: Part I had multiple choice, true or false and 
matching questions, worth 60 points in total; Part II included structured essay 
questions worth a total of 40 points, subdivided into the human biochemical disorder 
(20 points) and the human chromosomal disorder (20 points). The two parts were 
administered sequentially as part of a two-hour examination, and used identification 
numbers rather than names in order to anonymise the grading process. The course 
researcher graded Part I, and the tutor graded Part II. 
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As was noted in section 2.6.2, there are arguments which suggest that the traditional 
examination is inappropriate for the assessment of PBL education. But in the present 
context, students must take the examination and so, for pragmatic reasons, the exam 
results were included in the outcome measures. 
4.6.6 Tutor Evaluation Form (TEF) 
In order to study PBL and LBC small-group processes, the tutor evaluation form was 
modified further by the researcher to benefit this study by using a Likert-type scale 
developed by Wilkerson, Hafler and Lui (1991). A sample is found in Appendix A. 
This survey was used to measure the student discussion in which student 
participation, tutorial progress, the PBL process, student involvement and 
performance were accomplished. It also collected qualitative data regarding tutors' 
perceptions of the method of teaching. 
Figure 4.1 shows the process within which these methods were used for the collection 
of data. 
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Figure 4.1 Methods of data collection 
Tutor Student Training the tutor 484 students 
manual manual workshop material 
HGU module Questionnaire formatting. assigned to attend 
formatting formatting formatting (3 days and problem 
5 different scales (CBS, 4 weeks genetic g 
course) case 
formatting DQ, CEF, TEF and GUE) module 
Durham University approvediuestionnaire. 
Saudi Deans approved questionnaire and course 
material 
Tutor selection by the Deans of four colleges of 
medicine. 
34 tutors attended training trainer workshop 
Each tutor randomly assigned to teach one group, 
either PBL or LBC 
8 clinical students attended the pilot test to test the feasibility of 
the research design and the questionnaire 
Modification of questionnaire accordingly 
484 attended the pre -test 38 tutors attended pre- 
4 different scales (CBS, CEF, DQ, TE F) test questionnaire (TE F) 
Implementation 
484 randomly assigned to attend the HGU module 
for 4 weeks /2 times per week /2 hours per 
session. Each problem case for 2 weeks 
484 attended the post-test 38 tutors attended p ost- 
4 different scales of questionnaires test questionnaire (T EF) 
Test examination 
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4.7 Description of the curricular intervention 
4.7.1 The general outline of the human genetics unit 
The aim of the human genetics unit is to help students understand the principles of the 
functional changes that occur in genetic diseases and to apply this knowledge to the 
interpretation of clinical problems. The participants (male, and female, pre-clinical 
and clinical students) receive instruction on the same topics in the same order. The 
objectives of the unit are as follows: 
1. To define and recognize changes of human structure and function in 
genetics disease processes 
2. To explain the basis for laboratory procedures used in the investigation of 
diseases 
3. To use the common terms employed in medical contexts correctly and 
appropriately 
4. To attain sufficient skills in medical science to be able to apply this 
knowledge to explain and understand clinical signs and symptoms 
5. To communicate in a written or oral examination clearly and intelligibly 
using current medical nomenclature. 
4.7.2 Description of the PBL problem cases used 
Problems and case studies utilized for this research were specifically formulated for 
this study by the investigator, in consultation with medical experts in the United 
Kingdom and Saudi Arabia, and were evaluated by a PBL expert familiar with 
Barrow's taxonomy to ensure that they were representative of CPBL. The principles 
of problem creation, as discussed by B arrows and Tamblyn (1980) and Curry (1991 a), 
guided the development process. According to Amin and Khoo's (2003: 123) 
summary, these principles recommend that a PBL "problem" should have the 
following characteristics: 
1. "It should match the level of knowledge previously acquired so that the 
reactivation of existing knowledge is facilitated 
2. It should be formulated concretely and demonstrate a clear linkage to students' 
future professions 
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3. It should initiate learning over the widest possible span of the subject area and 
direct students to address one or more faculty-directed learning objectives 
4. It should allow students to apply newly-learned facts to a clinical condition. " 
For the current investigation, four problems were developed for each of the PBL and 
the LBC groups, based on two disorders each studied at both pre-clinical and clinical 
levels, in order that students participate at their normal level of study. Of the problems 
for both groups, one related to a human biochemical disorder (HBD), whilst the other 
related to a human chromosomal disorder (HCD). 
In the LBC group, students received primarily didactic instruction on each type of 
disorder, with lectures followed by the study of a case relating to the lecture material. 
(These case studies were evaluated prior to the investigation, to ensure that they did 
not directly foster any PBL educational objectives). The four problems utilized in the 
PBL tutorial, however, were based on actual patients, with slight modifications to 
facilitate fulfilment of the course objectives and the students' level of study. 
The problems set will now be discussed in full. 
4.7.2.1 Human Biochemical Disorder (HBD) problem case 
The HBD problem for the two levels of study was obtained with permission from the 
medical records of King Fahad Hospital at King Faisal University, Saudi Arabia. The 
development of the problem was guided by the elaboration of the unit objectives as a 
part of the general course objective, to specify the genetics knowledge required 
according to students' level in the current curriculum. The unit objectives were as 
follows: 
1. To describe the DNA composition of chromosomes in terms of structure, 
replication process and arrangement 
2. To define the general structure and function of amino acids and the role of 
RNA components in protein synthesis 
3. To discuss the principles and methods of laboratory molecular genetics 
and its utilization in medicine 
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4. To explain the techniques for the analysis of proteins and amino acids and 
their main differences 
5. To describe the application of genetic engineering in medicine 
6. To construct a pedigree chart for a family 
7. To discuss the types of Mendelian inheritance in humans. 
The problem was introduced towards the end of the first and during the second 
tutorial session, and involved a 14-month-old female who had been brought to the 
Paediatric Clinic. She had been coughing, was irritable and feverish, and, whilst she 
had started to walk about five weeks previously, had not been able to put weight on 
her left leg for two days. The child was admitted with sickle-cell anaemia in the 
knowledge of a family history of the disease (see Appendix B). 
The other problem set was a human chromosomal disorder (HCD): 
4.7.2.2 Human Chromosomal Disorder (HCD) problem case 
The HCD problems also were obtained with permission from the medical records of 
King Fahad at King Faisal University, Saudi Arabia. Their development was again 
guided by the elaboration of the unit's objective to specify the knowledge that was 
required and students' level of the current curriculum. The unit objectives were as 
follows: 
1. To describe mitosis and meiosis as mechanisms of cell growth and 
reproduction 
2. To provide details of the human chromosome and the karyotype in human 
genetics 
3. To explain the role of molecular cytogenetics in DNA diagnostics 
4. To explain the mechanism of non-disjunction in gametes and its effect in 
humans 
5. To discuss the autosomal trisomic condition and its risk factors 
6. To describe sex chromosome abnormalities and their effect on the 
phenotype 
7. To list the characteristic patterns of Mendelian X-linked inheritance 
8. To explain mutation in the human genome. 
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The problem set involved a patient who had been referred to the gynaecological and 
obstetrics department from a local primary health care centre. The patient was a 15 
year old female, short in stature and obese, who had a primary amenorrhoea (her 
menstrual period had not yet begun). The problem was slightly modified, to represent 
a typical Turner Syndrome patient by introducing a specific clinical and laboratory 
description of this type of syndrome (see Appendix B). 
The research provided direct information to present the problem with the same kind of 
information normally available to the clinician (Barrows and Tamblyn, 1980). This 
problem was introduced in the first and second tutorial sessions. 
4.8 PBL tutorial process 
4.8.1 Closed-Loop Problem-Based Learning (CPBL) tutorial sessions 
In the CPBL sessions, tutorials for approximately seven to eight students involved 
studying a problem with guidance from a staff tutor. Problem study began in the first 
session with the presentation of the problem-brief, a general statement of the topic. 
Students were given 3-4 minutes to generate a list of pertinent issues they wished to 
study, which they were allowed to amend and refer to at any point. Next, each student 
received a copy of the problem vignette (case), and one student acted as a discussion 
leader. A volunteer student served as a minutes secretary to capture ideas, hypotheses 
and concepts on a blackboard. 
Students also assigned themselves learning issues, generated during discussion. 
Students were permitted to self-select references from a binder of problem-specific 
articles which was placed on reserve in the college library. Resource lists 
accompanied each problem. 
Problem study continued during the second class, with students reporting and 
integrating the findings from their self-directed learning experiences. Generation of 
ideas, hypotheses, concepts and learning issues continued from the previously 
identified problem brief, and an additional piece of information -a problem "trigger" 
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- was introduced in order to continue the development of learning issues. One of the 
two problems used with the pre-clinical subjects was also introduced as a trigger at 
the end of the first session (see Appendix D) 
In the third session, students were required to submit a collective clinical plan, after 
which they received the clinical application actually developed by physicians for the 
patient described in the case material. Students compared their reasoning processes 
and strategies to those used by the professionals, promoting reflective thinking (see 
Appendix D). 
The room set aside for the PBL tutorial was chosen to encourage and support the 
learning process, with moveable chairs and tables and an informal atmosphere. The 
PBL group was assigned the same room for all class periods of both study units, 
whilst the LBC group moved between lecture halls. This is because the PBL course 
needed certain room-specific equipment, whereas the LBC lectures could take place 
in any lecture hall or classroom. 
4.8.2 LBC tutorial sessions 
Lectures were guided by the unit's objectives, and were written and presented by the 
faculty members who would normally teach the students. 
At the end of each lecture, students were provided with a list of targeted questions 
designed to demonstrate the relevance of the lecture material and encourage a review 
of lecture notes. This was then taken up in the second class, with students working in 
pairs to answer these questions. The final session consisted of a large group 
discussion focusing on the students' answers to the targeted questions. The completed 
questionnaires were submitted to the instructor at the end of the final session. 
Two lecture rooms with immovable desks not conducive to small-group discussion 
were used for the LBC group at each college. 
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4.9 Description of the tutorial group meetings 
4.9.1 The first tutorial group meeting 
At the beginning of the tutorial, students introduced themselves to one another and 
gave details of their background. The ground rules for the groups were discussed to 
reinforce the need to participate freely and fully without fear of criticism from other 
participants. Two students were then asked to volunteer, one as a discussion leader, to 
maintain the educational systematic procedure and to monitor the group process; the 
other as a minutes secretary to take down what was said by the group and thus avoid 
the loss of information. A blackboard and a note sheet were used for this purpose. 
The problem brief was handed out and the students were given enough time to read it, 
to take notes and to decide on their learning objectives. The problem task was also 
handed over to the students. They read it by themselves and then applied the seven 
step approach named "seven jumps", explained below (Sanford, 2007: online; 
Maastricht, 2007: online; Adelaide, 2007: online). The first 3 steps occur during the 
first tutorial group meeting: 
The Seven Step Approach ("Seven Jumps") 
Step 1: To clarify and define the terms and concepts which are not clear in 
the context of the problem. Students may bring in medical 
dictionaries and other resources to use in class if they wish. 
Step 2: To explain the problems arising when students explore the problem in 
context. They may also divide the problem into sub-problems which 
can be discussed in a specific order. In the current investigation, this 
step was implemented by using the brain-storming process to 
motivate further discussion of the problem. 
Step 3: To analyse the problem that the students discussed, and to think about 
the various possibilities which underlie the process and also the 
mechanisms within the problem. Students continue this process, 
scanning for new information, and creating new hypotheses. This step 
activates prior knowledge and acts as a basis for further discussion. 
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The tutor plays the role of evaluating and managing the problem, 
according to the knowledge and skills previously acquired by 
students. 
4.9.2 The second tutorial group meeting 
Step 4: To sort out the best hypothesis. By critically analysing the 
hypotheses, the ideas that have been previously generated can be 
prioritized and the different explanations evaluated. This step 
activates existing knowledge. 
Step 5: To generate learning objectives. The hypotheses that the students 
identified during the analysis of the problem should enable a better 
understanding during this step. These learning objectives are 
established as a learning activity by the group and assigned for 
independent study. This step directs the learning process for students. 
The minutes secretary recorded the learning objectives on the Student Learning 
Objective Sheet (SLOS) which the Tutor handed to the researcher at the end of the 
session. 
4.9.3 The third tutorial group meeting 
Step 6: Self-directed learning during which individual students implement 
the learning objectives identified in step 5 and look through different 
learning resources or consult the faculty member. This step helps the 
students to gather relevant information and to understand the subject 
matter. Students may decide as individuals or to meet informally to 
work together. 
At the end of the third meeting, students completed the demographic questionnaire. 
4.9.4 The fourth tutorial group meeting 
Step 7: To report the self-directed study activities and progress on learning 
objectives. Students provided the group with this information orally, 
111 
referring to hand-outs. Tutors managed each student's presentation to 
ensure that their turn was efficiently utilized. This step involved the 
identification and discussion of any uncertainties in the subject matter 
studied. This activity also broadened individual students' knowledge 
through exchange of information among group members. 
Students felt that they spent more time on the embedded issues than on solving the 
problem, and suggested a clinical treatment plan for the problem. This information 
was recorded by the minutes secretary on a student suggestions clinical plan (SSCP), 
and handed it to the tutor. At the end of the session, the tutor provided students with 
the clinical application section of the treatment plan used in the hospital, and then 
encouraged them to compare their plans and proceed with the discussion. 
For the post-test, CBS, AS, CEF and DQ surveys forms were completed at the end of 
the last day of the study. The genetic unit examination and the tutor evaluation form 
were completed the day after the end of the study. 
4.10 Preparation of the students for the study 
At the beginning of the semester, both male and female students on the selected 
courses were informed by their tutor(s) whether the PBL or the LBC approach would 
be used to teach them the genetics unit of their course, and were told that the genetics 
unit examination (GUE) results would be counted as 25% of the total course grade, as 
agreed by the Committee of Deans. Students were informed that assignation to 
PBL/LBC groups was random, and that further details would be provided as 
necessary over the course of the study. 
Before the genetics classes began, students were introduced to the research tutor, who 
briefly discussed the study to allay any fears about the impact of study participation 
on grades or on the amount of knowledge they would acquire, and to eliminate any 
misconceptions the students might have of PBL. Emphasis was placed on the 
importance of quality in the instruction of human genetics. 
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4.11 Preparation of the tutors for the study 
Qualified tutors interested in the research were identified by the Deans of the colleges 
of medicine as potential tutors for the two groups in the study. Eighteen male and 
sixteen female tutors were selected and trained by the investigator, each of whom was 
randomly assigned to a specific tutorial group, either PBL or LBC using a 
computerised random-number generator. Qualifications of the tutors included 
experience in providing instruction in human genetics components at the pre-clinical 
level and clinical level, and interest in participating in an evaluation of teaching 
methodology. 
Training for tutors was provided in sessions held prior to the study. (The training 
agenda for tutors can be found in Appendix Q. Tutors were provided with a copy of 
Barrows's `The tutorial process' (1988) as well as selections from Curry's `The 
facilitators' guide to small-group process' (1991b), which provided them with a 
common source of knowledge for their participation in the study. Specific instructions 
for utilizing the PBL process in this study were also provided (see Appendix Q. 
Other resources included materials developed at McMaster University and Maastricht 
University to train tutors, which were used, with permission, in order to facilitate the 
tutor-training process (McDermott & Anderson, 1991). In this way the methods of 
instruction for tutorial sessions was standardized for all tutors. 
One simulated tutorial session was held following training and before the research 
subjects began their PBL study, in which volunteer clinical students were used as the 
students. Problems and cases were used and the recording forms for the evaluation 
were introduced to tutors as a part of their training process. 
Each tutor was provided with instructions clearly spelling out the daily plan of study 
for this research, as well as specific instructions for the collection and distribution of 
materials and problem triggers. These instructions can be found in the tutor training 
development material in Appendix C. 
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4.12 The pilot test 
Before beginning the study itself, a pilot test was carried out. A group of sixteen 
student volunteers were divided into two groups, one to study PBL and the other to 
study LBC. These volunteers were clinical students who enrolled at University B in 
2006. 
The aims of the pilot test were to: 
1. Test the feasibility of the research design 
2. Test the technical feasibility of implantation and conduct further 
procedural refinement. 
3. Test the questioner's items, module material and course process. 
The PBL intervention was performed in line with the guidelines below, devised by 
Bayard, Nitzke and Nuhlicek (1992): 
1. The problem and case study is to be concluded within one week for each 
problem. 
2. Sessions must be separated by at least one day, but no more than four. 
3. The most functional size of a tutorial is six to eight students. 
4. Session lengths between 11/2 hours to 21/2 hours are the most productive and 
time should be allowed for evaluation and testing. 
5. Excessive demands of other courses or projects should be minimized or 
avoided. 
6. Problem and case selection should reflect curricular inadequacies or 
special needs defined by the clinical students. 
For this study, a specially designed module on a human multifactorial disorder 
(HMD) was made available. 
The objectives of the module were: 
1. To explain Mendelian inheritance and the difference between autosomal 
recessive, autosomal dominant, co-dominant and X-linked chromosomes. 
2. To list the common multifactorial disorders in genetics. 
3. To discuss environmental agents common in causing multifactorial 
disorders. 
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4. To construct a pedigree pattern for a family with a particular multifactorial 
disorder. 
5. To explain the role of cytogenetics in DNA diagnosis in medicine. 
4.12.1 Reliability of the instruments 
Reliability is the level of internal consistency or stability of the measuring instrument 
over time (Borg & Gall, 1989). To test the reliability of the questionnaires, the split- 
half method was used to establish the coefficient of internal consistency. This method 
involves splitting the statements of a test into two halves, in this case odd and even- 
numbered items (Roscoe, 1969). The odd numbered items and even numbered items 
of each questionnaire were placed into sub-tests after splitting. Then, the scores of the 
two sub-sets for each questionnaire and in each of the pilot studies were computed for 
each individual and correlated using the Pearson Products Moment Correlation 
Coefficient Formulae indicated below. 
R=[Ixy - (xx) (1y) / N] /i [tx2 - (Ix)2 / N] [IY2 - (jY)2 / N], where 
Ixy = sum of the cross product of the values for each variable. 
(ix) (1y) = Product of the sum of x and sum of y. 
N= Number of pairs of scores. 
R= Correlation coefficient 
However, the correlation coefficient obtained (r) represents reliability of only half of 
the test. In order to obtain reliability of the whole test (instrument), the Spearman- 
Brown Prophecy Formula indicated below was applied: 
re = 2r / (1+r), where 
re = the reliability of the whole test, and r= the reliability co-efficient resulting from 
correlating the scores of the odd statements with the scores of the even statements. 
The measurement instrument is considered to have a high degree of reliability when it 
is consistent and accurate. Devellis (1991) suggests that the acceptable 
degree of 
reliability for questionnaire tools is as follows: below 0.60 is unacceptable; 
between 
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0.60 and 0.65 undesirable; between 0.70 and 0.80 acceptable; between 0.80 and 0.90 
highly acceptable; and 0.90 strongly reliable. 
In order to achieve a high level of reliability in the questionnaire, a pilot study was 
carried out, as previously explained. Reliability analysis following the pilot test 
indicates that the subscales that were derived from all the questionnaires were reliable 
with a minimum Cronbach alpha of 0.71 for learning experience and a maximum of 
0.97 for level of preparation (see table 4.2). In addition, the pilot study resulted in 
some changes to the questionnaire in terms of clarifying some statements and 
rearranging the order of the questions. 
Table 4.2 Cronbach Alphas for sub-scales 
Questionnaires Subscales Questions A1 h 
Cognitive Behaviour Survey (CBS) Fulfil knowledge requirement CBS Q54-59 0.8 
Problem-solving and critical thinking skills CBS Q11-16 0.7 
Knowledge retention (reflection) CBS Q1-10 0.7 
Motivation CBS Q25-34 0.9 
Self-directed skills CBS Q17-24 0.8 
Level of preparation CBS Q35-37 0.9 
Attitude Survey (AS) Learning about medicine AS 0.7 
Working with patients AS 0.7 
Career focusing on medicine AS 0.9 
Problems associated with medicine AS 0.8 
Demographic Survey (D Q) Learning experience 
CBS Q46-53, 
DQ Q4-7 0.7 
Tutor Journal Form (TEF) Resources of information 
CBS Q38-45, 
TEF Q15-28 0.7 
Tutors' perception of learning method TEF Q I-14, 0.8 
Table 4.2 shows that the questions within the questionnaire were divided into groups, 
each group covering one aspect of the research. The `knowledge retention 
(reflection)' section, for example, includes CBS questions 1 to 10. 
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4.12.2 Validity of the instruments 
Validity is a very important factor in successful research. According to Messick 
(1989: 13), the definition of validity is 
"an integrated evaluative judgment of the degree to which empirical evidence and 
theoretical rationales support the adequacy and appropriateness of inferences and 
actions based on test scores or other modes of assessment. " 
The validity of the research methods divides into four types as follows: 
a) Slavin's (1984: 82) construct validity, defined as 
"Correlation between some scores on a scale or scores on another scale or measure of 
established validity given at about the same time. " 
b) The construct validity defined by Gall et al. (1996: 249) as 
"the extent to which a particular test can be shown to assess the construct that it purports 
to measure. " 
c) Predictive validity, which Gay and Airasian (2000: 165) define as 
"the degree to which a test can predict how well an individual will do in a future 
situation. " 
d) Content validity, which Gall et al. (1996: 249) define as 
"the degree to which the scores yielded by a test adequately represent the content, or 
conceptual domain, that these scores purport to measure. " 
In the current study, the researcher depends on content validity as a way of testing the 
validity of the questionnaire and of other instruments used in the study. Content 
validity consists of several measures: first of all, the study tools must be carefully 
defined. Experts who work in the same field and in statistical analysis should then 
examine these instruments, and finally it must be ensured that the research tools used 
are appropriate to the concepts that they are to measure (Gay and Airasian, 2000). 
In the current study, the researcher consulted a panel of experts who could provide 
useful advice; this panel included Professor Comfort Osonnaya, from Queen Mary 
University of London, and Simon Kometa, from the Computer Centre at Newcastle 
University, UK. A draft questionnaire and interview questions were distributed to 
these faculty experts before embarking on the pilot study; following their suggestions 
the questionnaire was reconstructed, with new questions added and existing questions 
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modified. The new questionnaire was then tested in the pilot study, following which it 
was modified further. This procedure completed the treatment of the instrument to be 
used in this study. 
Phase one of the pilot test indicated that the instruments needed improvement. 
Modification occurred accordingly, as follows: 
1. Questionnaires modified to improve clarity of some items and to remove 
repetition in others. 
2. Questionnaires modified to omit unnecessary items not covered by the 
study hypothesis. 
3. Module material and case studies were further edited. 
4. Refinements were performed on the process of module implementation. 
5. Questionnaire scale items were reduced in number and complexity. 
Phase two of the pilot study revealed that the question that was crucial in testing the 
null hypothesis on marital status in each questionnaire was missing. This was 
modified before the study occurred. 
After all of this, the instrument was judged to be adequate for the study. 
4.12.2.1 Threats of validity 
The results of the first phase of the pilot study indicated the need for clarity in 
questionnaire items, in order that students understand the question being asked. 
Questions were consequently rephrased. Some items were found to be similar or to 
overlap in meaning; this was addressed through the appropriate removal or 
modification of affected items. Changes in the questionnaire following the pilot study 
greatly improved the instrument, and no further changes were made for the main 
study. 
As previously stated, PBL/LBC group assignation was random and anonymous, 
through the use of computer-generated numbers representing each student. Students 
were not able to choose their group, and tutors had no role in placing students in 
certain groups. The following measures further ensured unbiased results: 
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" Students were encouraged not to talk to students of other groups about their 
learning experience. 
" The 34 tutors assigned to participate in this study were trained as explained in 
section 4.11. They were distributed randomly to each method, whilst kept 
within their usual university. 
" Tutors were given guidelines and informed of the rules and regulations of the 
study; they also received express instruction not to depart from the module 
contents or the activity schedule, as summarised in Appendix C. The tutors 
were especially encouraged to follow the tutorial process described by 
Barrows (1988). 
4.12.2.2 Fidelity of implementation 
It is clearly unavoidable that the tutors participating differ in knowledge, background 
and area of expertise. Therefore all tutors were trained equally with regards PBL, in 
order that they shared equal knowledge of the teaching method. However, one 
expectation of the study was that, in spite of this training, a lack of experience with 
PBL would mean that tutors would on occasion deal with issues wrongly (i. e. not in 
accordance with the PBL process). Thus the implementation of PBL was not able to 
be evaluated in its pure form, due to a lack of fidelity measures. 
4.13 Data analysis techniques 
Methods of results analysis differed according to whether results were qualitative or 
quantitative. Firstly, qualitative data included the essay-type written response required 
by certain questions. This was analysed using Nvivo (2006), a software package 
designed for qualitative researchers working with non-numerical or unstructured data. 
Nvivo allowed data from the open-ended questions to be classified, sorted and 
arranged, and also permitted the examination of complex relationships in the 
data, 
combining subtle analysis with linking, shaping, searching and modelling. 
For the quantitative data analysis, several analytical procedures within Statistical 
Package for Social Sciences (SPSS) version 14 (2005) were employed. In order to 
119 
ready quantitative data for analysis, it was first entered into Excel. The data was then 
checked and edited for transcription errors before being imported into SPSS for 
analysis. The SPSS procedures used included: 
" Descriptive statistics were collected of the subjects who participated in 
this research. 
" Where appropriate, chi-squared statistics measured the association 
between categorical variables. 
" Blom's Data Normalization Procedure was used to normalize data from 
the scales that were formed. This was necessary because most statistical 
procedures assume that the data is normally distributed. 
9 Independent Samples t-test Procedure. This was used to establish any 
significant difference between the treatment and control groups, and was 
applied to both pre-clinical and clinical students. 
" The One-Way ANOVA and Two-Way ANOVA methods were used to 
examine the main effects and interaction effects for outcomes measured on 
a continuous scale against categorical variables. The main factors were 
gender, teaching method, and university, whilst interactions examined 
included the gender-teaching method and the university-teaching method, 
i. e. a study of the relationships between gender and teaching method and 
between university and teaching method. 
9 The Univariate General Linear Model. Seven students swapped groups 
during the course of the research. To minimize the confounding impact of 
this on the research findings, univariate GLM was used to control for prior 
measures. 
The Excel package and SPSS computer programs that were utilized for the pre- 
clinical data analyses were also used for the clinical subjects' data. Pre- and post-test 
responses from clinical tutorials, curricular problems and professional preparation 
levels were compared by means of a one-way ANOVA and a two-tailed t-test. For all 
tests, ap level of less than 0.05 was considered to be significant. 
Data on tutors was also collected, in seeking opinions from both PBL and LBC group 
tutors after each session. In each case, the average response of three sessions was 
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used. In addition, learning issues were analysed. Here, a method described by 
Dolmans, Gijselaers, Schmidt and Van Der Meers (1993) was used, wherein learning 
issues are related to problem objectives. The researcher scored the matching exercise, 
contributing to its construct validation. 
Figure 4.2 gives a detailed summary of the data analysis techniques used. 
Figure 4.2 Data analysis techniques 
Pre- / post-test data from 5 different scales entered 
in Excel (2003 version) 
Data checked and edited 
Data imported into SPSS (v. 14,2005) 
Descriptive data produced regarding age, sex, 
university and group 
Pre- / post-Human 
Genetics examination 
All 6 scales were normalized using Blom's formula. Histograms with normal curve 
produced. 
t-test conducted on all normalized scales, with teaching method as grouping variable. 
Effect size and standard error on effect size also produced. Chi-Square statistics 
produced where appropriate. 
The mean values of all Likert-type scale variables were found to give summary results 
for a group of variables that relates to a particular dimension (sub-scale). One-way 
and two-way ANOVA were used to examine the sub-scale against categorical 
variables. 
Univariate GLM analysis produced for all scales. Main factors were gender, teaching 
method and university. Interactions were the gender-teaching method and the 
university-teaching method. Interaction line graphs produced for all scales. 
4.14 Summary 
This chapter has described the methodology of this research study, which was 
conducted using a descriptive case study methodology with an embedded 
experimental design. The case methodology had supported the generation of 
descriptive and evaluative data on the use of PBL to provide genetics instruction to 
both pre-clinical and clinical subjects. Participants came from four colleges of 
medicine in Saudi Arabia. 
The research involved a mixed methodology approach, using both qualitative and 
quantitative research methods. This has been discussed along with the advantages, 
disadvantages, strengths and limitations of the various data collection. The 
preparation of the students and tutors for the curricular intervention in this study has 
also been discussed, including detailed descriptions of the tutorial process and the 
case studies and problems used. 
The research design, including the results of and modifications following the pilot test 
have also been presented within this chapter, with an exposition of the data collection 
and analysis techniques used by the study. 
Chapters Five and Six will present the results and data analysis, both quantitative and 
qualitative, for pre-clinical and then clinical students, followed by a summary in 
Chapter Seven. 
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Section IV: Results and Data Analysis 
Chapter Five 
Results and Data Analysis I: Quantitative and 
Qualitative Data for Pre-Clinical Students 
Chapter Five 
Results and Data Analysis I: Quantitative and 
Qualitative Data for Pre-Clinical Students 
5.1 Introduction 
This chapter presents the results and data analysis of pre-clinical students, assuming 
random assignment. The quantitative results and data analysis are presented first, 
followed by the qualitative results and data analysis. 
5.2 Quantitative Data 
5.2.1 Distribution by treatment group 
A total of 232 preclinical students took part in this research, of which 115 (50%) were 
placed in the LBC group and 117 (50%) in the PBL group. Placement within groups 
was assigned randomly. 
5.2.2 Distribution by gender 
In terms of gender composition, 112 (48.3%) of the 232 pre-clinical students were 
male and 120 (51.7%) were female. 
5.2.3 Distribution by university 
In terms of distribution across the four universities, 96 (41.4%) of the 232 pre-clinical 
students were from University A, 60 (25.9%) were from University B, 40 (17.2%) 
were from University C and 36 (15.5%) were from University D (see figure 5.1). 
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Figure 5.1 Composition by university: number and percentage of pre-clinical students 
NA 
EI B 
Qc 
MD 
5.2.4 Distribution by age 
The ages of the participating pre-clinical students ranged from 20 to 23 years old with 
a mean age of 21.5 years (see figure 5.2). The majority (just over 87%) of pre-clinical 
students were between the ages of 21 and 22 years. 
Figure 5.2 Age distribution: number and percentage of pre-clinical students 
® 20 years old 
Q 21 years old 
Q 22 years old 
0 23 years old 
The composition of treatment groups by stratification factors for pre-clinical students 
is shown in table 5.1. 
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Table 5.1 Treatment group composition by stratification factors for pre-clinical 
students 
LBC PBL 
Gender Gender 
University Female Male Female Male Total 
A 24 24 24 24 96 
B 15 16 15 14 60 
C 12 8 12 8 40 
D 8 8 10 10 36 
Total 59 56 61 56 232 
Total 115 117 232 
5.3 Learning experience 
Information on students' learning experience within the human genetics units was 
solicited using eight items on a Likert-type scale. The eight items include the following 
words and phrases: meaningful, enjoyable, stressful, stimulating, uneventful, sense of 
discovery, motivating and leads to new questions. The average of the eight items on the 
learning experience scale was found and then normalized in order to compare the 
experience of PBL and LBC pre-clinical students. Figure 5.3 shows the histogram of 
the normalized scores for all students. 
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Figure 5.3 Pre-clinical students' perception of learning experience 
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Pre-clinical LBC students gave their learning experience a higher mean score (-0.10) 
than pre-clinical PBL students (-1.10), giving a significant mean difference (t=12.23, 
p=0.01). The effect size was -1.64 with a standard error of 0.15.1 These results show 
that pre-clinical LBC students had a better learning experience than pre-clinical PBL 
students. 
From the GLM univariate analysis, significant results were observed on the main 
factors of gender (p=0.01), teaching method (p=0.01) and university (p =0.03). Female 
students gained higher scores than male students within their respective groups, as 
indicated by the profile plot in figure 5.4. 
1 Coe (2000) defines effect size as a way of quantifying the effectiveness of a particular intervention 
relative to some comparison. 
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Figure 5.4 Profile of learning experience across gender 
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Figure 5.5 Profile of learning experience across the universities 
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Figure 5.5, shows that in terms of learning experience, all four universities performed 
better with LBC compared to PBL. There were no significant two-way interactions 
between gender and teaching method (p=0.51) or between university and teaching 
method (p=0.13). 
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Looking at each of the eight categories under learning experience, the mean of the pre- 
clinical LBC students was higher than that of the pre-clinical PBL students. All the 
mean differences were also significant. 
As well as the eight categories mentioned in the last few paragraphs, the DQ 
questionnaire solicited information from pre-clinical students on other aspects of their 
learning experience during the human genetics unit. The information collated 
considered their participation in classes, the use of case studies, and whether or not 
they enjoyed the experience. They were also asked if they had ever been exposed to 
`problem-based learning' as an educational strategy, or if they had ever taken a course 
that included a significant amount of information on the molecular bases of genetic 
diseases, chromosomal aberrations and other genetics diseases. An analysis of the 
students' responses now follows. 
Thirty-two percent (32%) of the pre-clinical LBC students said that they had 
previously participated in classes which included the use of case studies. The 
corresponding percentage for pre-clinical PBL students was nearly 27% (see table 5.2) 
the difference between the two groups is just over 4%. 
Table 5.2 Use of case studies 
Have you ever participated in 
classes which included the use 
of case studies? Total 
No Yes 
Method of LBC Count 89 42 131 
Teaching 
% within Method of 67.9% 32.1% 100.0% 
Teaching 
PBL Count 71 26 97 
% within Method of 73.2% 26.8% 100.0% 
Teaching 
Tota l Count 160 68 228 
% within Method of 70.2% 29.8% 100.0% 
Teaching 
ChiSq=0.74, df=1, p=0.39 
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There was no significant association between teaching method (LBC or PBL) and 
whether or not case studies had been used in class; the Pearson Chi-Square statistic 
was found to be 0.74 with a p-value of 0.39. Overall, 29.8% (n=68) of pre-clinical 
students had participated in classes which included the use of case studies. Of those 
pre-clinical LBC students who said they had participated in classes which involved the 
use of case studies, only 23.5% said that they enjoyed learning in this way. The 
corresponding percentage for pre-clinical PBL students is lower, at 20.6% (see table 
5.3), but no significant association was observed (Chi-Square statistic=0.09, p- 
value=0.77). Overall, of the 68 pre-clinical students that had participated in classes 
involving the use of case studies, 22.1 % (n=15) liked learning from case studies. 
Table 5.3 Number of pre-clinical students who liked learning from case studies 
If your answer to item 4 was 
'YES', did you like learning 
from case studies? Total 
No Yes 
Method of LBC Count 26 8 34 
Teaching 
% within Method of 
76.5% 23.5% 100.0% 
Teaching 
PBL Count 27 7 34 
% within Method of 
79.4% 20.6% 100.0% 
Teaching 
Total Count 53 15 68 
% within Method of 
77.9% 22.1% 100.0% 
Teaching 
ChiSq=0.09, df=1.0, p=0.77 
Only 2.6% of pre-clinical LBC students had been previously exposed to a `problem- 
based learning' educational strategy. The corresponding percentage for pre-clinical 
PBL students is little different at 1.8% (see table 5.4); no significant association was 
observed (Chi-Square statistic=0.17, p-value=0.68). Overall, only 2.2% (n=5) of pre- 
clinical students had previously been exposed to a 
educational strategy. 
`problem-based learning' 
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Table 5.4 Problem-based learning 
Have you ever been 
exposed to an 
educational strategy 
identified as 'problem- 
based learning' before? Total 
No Yes 
Method of LBC Count 111 3 114 
Teaching 
% within Method of Teaching 97.4% 2.6% 100.0% 
PBL Count 108 2 110 
% within Method of Teaching 98.2% 1.8% 100.0% 
Total Count 219 5 224 
% within Method of Teaching 97.8% 2.2% 100.0% 
ChiS q=0.17, df=1.0, p=0.68 
With regard to content of previous courses, the majority of the pre-clinical students, 
irrespective of their treatment group, had taken a course with a significant amount of 
information on molecular bases of genetic diseases, chromosomal aberrations and 
other genetic diseases. The percentages for pre-clinical LBC students were 92.2%, 
80.9% and 79.1% respectively, whilst the corresponding percentages for pre-clinical 
PBL students were 96.5%, 93.0% and 84.2% respectively (see tables 5.5,5.6 and 5.7). 
No significant association was observed between the treatment groups for molecular 
bases of genetic diseases (Chi-Square statistic=1.99, p-value=0.16) or other genetic 
diseases (Chi-Square statistic=0.99, p-value=0.32). For chromosomal aberrations, 
however, a significant difference was found between pre-clinical LBC and PBL 
students (Chi-Square statistic=7.38, p-value=0.01). A higher proportion (93.0%) of 
pre-clinical PBL students had taken a course with a significant amount of information 
on chromosomal aberrations than pre-clinical LBC students (80.9%). 
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Table 5.5 Molecular bases of genetic diseases 
Have you ever taken a course 
that included a significant 
amount of information about 
molecular bases of genetic 
diseases? Total 
No Yes 
Method of LBC Count 
9 106 115 
Teaching 
% within Method of Teaching 7.8% 92.2% 100.0% 
PBL Count 4 110 114 
% within Method of Teaching 3.5% 96.5% 100.0% 
Total Count 13 216 229 
% within Method of Teaching 5.7% 94.3% 100.0% 
ChiSq=1.99, df=1.0, p=0.16 
Table 5.6 Chromosomal aberrations 
Have you ever taken a course 
that included a significant 
amount of information about 
chromosomal aberrations? Total 
No Yes 
Method of 
Teaching 
LBC Count 
22 93 115 
% within Method of Teaching 19.1% 80.9% 100.0% 
PBL Count 8 106 114 
% within Method of Teaching 7.0% 93.0% 100.0% 
Total Count 30 199 229 
% within Method of Teaching 13.1% 86.9% 100.0% 
ChiSq=7.38, df=1.0, p=0.01 
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Table 5.7 Other genetic diseases 
Have you ever taken a course 
that included a significant 
amount of information about 
other genetic diseases? Total 
No Yes 
Method of 
Teaching 
LBC Count 
24 91 115 
% within Method of Teaching 20.9% 79.1% 100.0% 
PBL Count 18 96 114 
% within Method of Teaching 15.8% 84.2% 100.0% 
Total Count 42 187 229 
% within Method of Teaching 18.3% 81.7% 100.0% 
ChiSq=0.99, df=1.0, p=0.32 
5.4 Caring experience 
Information about the caring experience of pre-clinical students with respect to sickle 
cell anaemia and Down's syndrome was solicited. Thirty-five percent (35.1%) of pre- 
clinical LBC students said that they had experienced caring for persons with sickle cell 
anaemia, whilst the corresponding percentage for pre-clinical PBL students was 31.3% 
(see table 5.8). No significant association was observed (Chi-Square statistic=0.38, p- 
value=0.54). Overall, 33.2% of all pre-clinical students had experienced caring for 
persons with sickle cell anaemia. 
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Table 5.8 Sickle cell anaemia 
Do you have experience in 
caring for persons with sickle 
cell anaemia? Total 
No Yes 
Method of LBC Count 74 40 114 
Teaching % within Method of Teaching 64.9% 35.1% 100.0% 
PBL Count 77 35 112 
% within Method of Teaching 68.8% 31.3% 100.0% 
Total Count 151 75 226 
% within Method of Teaching 66.8% 33.2% 100.0% 
UhtSq=U. iö, (it=1. U, p=U. 54 
For Down's syndrome, 24.6% of pre-clinical LBC students had experienced caring for 
persons with this disease, while the corresponding percentage for pre-clinical PBL is 
slightly lower at 18.8% (see table 5.9): no significant association was observed (Chi- 
Square statistic=0.27, p-value=0.60). Overall, a lower percentage (21.7%) of all pre- 
clinical students had experienced caring for people with Down's syndrome than had 
cared for people with sickle cell anaemia (33.2%). 
Table 5.9 Down's syndrome 
Do you have experience 
in caring for persons with 
Down's syndrome? Total 
No Yes 
Method of 
Teaching 
LBC Count 
86 28 114 
% within Method of Teaching 65.4% 24.6% 100.0% 
PBL Count 91 21 112 
" within Method of Teaching 81.3% 18.8% 100.0% 
Tota l Count 177 49 226 
" within Method of Teaching 78.3% 21.7% 100.0 
ChiS q=1.12, df=1.0, p=0.29 
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5.5 Human genetics unit examination 
Analysis from the examination data indicated that pre-clinical LBC students scored a 
higher mean than pre-clinical PBL students: the mean score for pre-clinical LBC 
students was 0.52, whereas that for pre-clinical PBL students was -0.67. The mean 
difference was significant (t=11.26, p=0.01). ' and the effect size was -1.48 with a 
standard error of 0.15 (see tables 5.20 and 5.21). Thus pre-clinical LBC students 
achieved significantly higher marks in the examination test than pre-clinical PBL 
students. A histogram of the human genetics unit examination is shown in figure 5.6. 
Figure 5.6 Post-exam test total for pre-clinical students 
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GLM univariate analysis on examination results indicates that the main factor of 
gender was not significant (p-value =0.3 1), while the main factors of teaching method 
(p-value=0.001) and university (p-value=0.001) were significant. The two-way 
interactions between gender and teaching method and between university and teaching 
method were not significant, having p-values of 0.07 and 0.51 respectively. The profile 
plot in figure 5.7 indicates that male students achieved a higher score than 
female 
students within the PBL group. Whilst female students achieved a higher score than 
male students for the LBC group, the differences were not significant. 
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Figure 5.7 Profile of examination results across gender 
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Figure 5.8, below, shows the profile plot for examination results across the 
universities. As the profile indicates, all four universities scored higher with the LBC 
method than the PBL method. As figure 5.10 indicates, students from University B 
achieved a higher average score using LBC than the other universities. The figure also 
shows that students from University A achieved a higher average score using PBL than 
students from the other universities. 
Figure 5.8 Profile of examination results across the universities 
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5.6 Fulfil knowledge requirement 
Pre-clinical LBC students had a higher mean score than pre-clinical PBL students on 
fulfil knowledge requirement: the mean score for pre-clinical LBC students was -0.08, 
whereas that for pre-clinical PBL students was -1.12. The mean difference was 
significant (t=12.78, p=0.01), and the effect size was -1.75 with a standard error of 
0.16. Thus pre-clinical LBC students achieved a significantly higher score on fulfil 
knowledge requirement than pre-clinical PBL students. In fact, looking at the 
individual indicators on this scale, pre-clinical LBC students achieved higher scores 
than pre-clinical PBL students on all the indicators. A histogram of fulfil knowledge 
requirement is shown in figure 5.9. 
Figure 5.9 Fulfil knowledge requirement for pre-clinical students 
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GLM univariate analysis on fulfil knowledge requirement indicates that the main 
factors of gender, teaching method and university had significant results, with p-values 
of 0.001,0.001 and 0.01 respectively. The profile plot in figure 5.10 indicates that 
females achieved higher scores than males when using the LBC method, whilst there is 
very little difference between genders when looking at the PBL group. The profile plot 
across the universities (figure 5.11) indicates that all four universities achieved a 
higher score when using the LBC method than the PBL method. The two-way 
interaction between gender and teaching method was significant, having a p-value of 
0.01, while that between university and teaching method was not significant, 
having a 
p-value of 0.24. 
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Figure 5.10 Profile plot of fulfil knowledge requirement across gender 
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Figure 5.11 Profile plot of fulfil knowledge requirement across the universities 
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5.7 Problem-solving and critical thinking skills 
Pre-clinical LBC students had a higher mean score than pre-clinical PBL students on 
problem-solving and critical thinking skills: the mean score for pre-clinical LBC 
students was -0.09, whereas that for pre-clinical PBL students was -0.93. The mean 
difference was significant (t=9.44, p=0.01), and the effect size was -1.58 with a 
standard error of 0.15. Thus pre-clinical LBC students achieved significantly higher 
scores on problem-solving and critical thinking skills than pre-clinical PBL students. In 
fact, pre-clinical LBC students achieved higher scores than pre-clinical PBL students 
on all six of the items on this scale. A histogram of problem-solving and critical 
thinking skills is shown below in figure 5.12. 
Figure 5.12 Problem-solving and critical thinking skills for pre-clinical students 
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GLM univariate analysis of problem-solving and critical thinking skills 
indicates that 
the main factors of gender, teaching method and university all had significant results, 
each with p-values of 0.001. The profile plot in figure 5.13 indicates that 
females 
achieved higher scores than males with both LBC and PBL; this 
difference was more 
noticeable, however, with LBC than with PBL. Thus females using the 
LBC method 
had better problem-solving and critical thinking skills than males. 
The profile plot 
across the universities (figure 5.14) indicates that students 
in all four universities 
achieved a higher score when using the LBC method rather than the 
PBL method. The 
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two-way interactions between gender and teaching method and between university and 
teaching method were significant, having p-values of 0.02 and 0.02 respectively. 
Figure 5.13 Profile plot of problem-solving and critical thinking skills across gender 
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Figure 5.14 Profile plot of problem-solving and critical thinking skills across the 
universities 
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5.8 Knowledge retention (reflection) 
Pre-clinical LBC students (-0.08) had a higher mean score than pre-clinical PBL (- 
0.94) students on knowledge retention (reflection), with a significant mean difference 
(t=12.08, p=0.01). The effect size was -1.64 with a standard error of 0.15. Thus pre- 
clinical LBC students achieved a significantly higher score on knowledge retention 
(reflection) than pre-clinical PBL students. A histogram of knowledge retention 
(reflection) is shown in figure 5.15. 
Figure 5.15 Knowledge retention (reflection) for pre-clinical students 
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GLM univariate analysis on knowledge retention (reflection) indicates that the main 
factors of gender, teaching method and university have results that are significant, each 
having p-values of 0.001. The profile plot in figure 5.16 indicates that female students 
achieved higher scores than male students with both LBC and PBL; this difference was 
more noticeable for LBC than PBL, however. Thus females following the LBC method 
have a higher knowledge retention (reflection) than males but this interaction was not 
significant (p=0.22). The profile plot across the universities figure 5.17 indicates that 
students in all four universities achieved a higher score when using the LBC method 
rather than the PBL method. The two-way interaction between the university and 
teaching method was not significant, having p-values of 0.57. 
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Figure 5.16 Profile plot of knowledge retention (reflection) across gender 
O20 
0.00 
IvIethrld of Teaching 
LBC 
PBL 
-0.20 
-0.40 
-0.60 V 
40 
-0.80 
w 
-1.00 
-1.20 
Female rvlale 
Gender 
Figure 5.17 Profile plot of knowledge retention (reflection) across the universities 
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5.9 Motivation and intrinsic interest in learning 
Pre-clinical LBC students had a higher mean score than pre-clinical PBL students with 
respect to motivation: the mean score for pre-clinical LBC students was 0.22, while 
that for pre-clinical PBL students was -0.56. The mean difference was significant 
(t=6.32, p=0.01), and the effect size was -0.84 with a standard error of 0.14. Pre- 
clinical LBC students achieved a significantly higher score than pre-clinical PBL 
students on all ten categories under motivation; thus the results show that LBC students 
had a higher level of motivation than PBL students. A histogram of motivation is 
shown in figure 5.18. 
Figure 5.18 Motivation for pre-clinical students 
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GLM univariate analysis on motivation and intrinsic interest in learning indicates that 
the main factors of gender, teaching method and university have results that are 
significant, with p-values of 0.02,0.01 and 0.01 respectively. The profile plot in figure 
5.19 indicates that female students achieved a higher score than male students on both 
LBC and PBL methods; this difference was more noticeable with LBC than 
PBL, 
however. Thus female students had a higher level of motivation and intrinsic 
interest 
in learning than male students on the LBC method. The profile plot across 
the 
universities (figure 5.20) indicates that students in all four universities achieved a 
higher score when using the LBC method rather than the 
PBL method. The two-way 
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interaction between gender and teaching method was not significant (p=0.19), whereas 
the two-way interaction between university and teaching method was significant, 
having a p-value of 0.0 1- 
Figure 5.19 Profile plot of motivation across gender 
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Figure 5.20 Profile plot of motivation across the universities 
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5.10 Self-directed skills 
Pre-clinical LBC students had a higher mean score (404) than pre-clinical PBL 
students (-0.99) on seif-directed skills. The mean difference was significant (t=13.63, 
p=0.01); the effect size was -1-80 with a standard error of 0.16. In fact, for all the eight 
categories under seif-directed skills, pre-clinical LBC students achieved significantly 
higher scores than pre-clinical PBL students. A histogram of self-directed skills is 
shown in figure 5.2 1. 
Figure 5.21 Self-directed skills for pre-clinical students 
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GLM univariate analysis on self-directed skills indicates that the main factors of 
gender, teaching method and university gave results which were all significant, with p- 
values of 0.01,0.01 and 0.01 respectively. The profile plot in figure 5.22 indicates that 
female students achieved a higher score in self-directed skills than male students 
for 
both LBC and PBL. The profile plot across the universities (figure 5.23) indicates that 
students in all four universities achieved a higher score when using the 
LBC method 
rather than the PBL method. The two-way interactions between gender and 
teaching 
method and between university and teaching method were not significant 
(p-values of 
0.43 and 0.16 respectively). 
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Figure 5.22 Profile plot of self-directed skills across gender 
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no Figure 5.23 Profile plot of self-directed skills across the universities 
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5.11 Level of preparation 
Method of Teaching 
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Pre-clinical LBC students had a higher mean score (-0.10) than pre-clinical PBL 
students (- 1.04) on level of preparation. The mean difference was significant 
(t=1 1.50, 
p=0.01); the effect size was -1.58, with a standard error of 
0.15. Thus pre-clinical LBC 
students were, or felt, better prepared than pre-clinical PBL students 
(whether 
preparing alone, with other students, regularly or irregularly). In 
fact, for all three of 
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the categories under level qf preparation, pre-clinical LBC students achieved 
significantly higher scores than pre-clinical PBL students. A histogram of level of 
preparation is shown in figure 5.24. 
Figure 5.24 Level of preparation for pre-clinical students 
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GLM univariate analysis on level of preparation indicates that the main factors of 
gender, teaching method, and university have results that are significant, with p-values 
of 0.01,0.01 and 0.01 respectively. The profile plot in figure 5.25 indicates that female 
students achieved a higher score for level of preparation than male students for both 
LBC and PBL. The profile plot across the universities (figure 5.26) indicates that 
students in all four universities achieved a higher score when using the LBC method 
rather than the PBL method. The two-way interactions between gender and teaching 
method and between university and teaching method were not significant, having p- 
values of 0.80 and 0.44 respectively. 
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Figure 5.25 Profile plot of level of preparation across gender 
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Figure 5.26 Profile plot of level of preparation across the universities 
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5.12 Learning about medicine 
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For the five items under this scale (frustrating, depressing, boring, challenging 
and exciting), a high score for the first three corresponds to negative experience whilst 
for the other two a high score would be positive. Before they were all combined 
into a 
single score, the scales for the first three were reversed. From the combined single 
score, pre-clinical LBC students had a lower mean score (0.30) than pre-clinical 
PBL 
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students (0.31) on learning about medicine, the mean difference was not significant 
(t=-0.05, p=0.96). Looking at the five items (unreserved score) under learning about 
medicine individually, the pre-clinical PBL students rated three of the options 
(frustrating, depressing and boring) more highly than the LBC students rated them - 
the mean values from the PBL students were 0.96,0.78, and 0.86 respectively, whilst 
the corresponding values for the LBC students were 0.16,0.28 and 0.23 respectively. 
A significant difference was observed between the mean p-values of less than 0.05. 
The pre-clinical LBC students rated challenging (mean=0.11) and exciting 
(mean=0.02) higher than the pre-clinical PBL students: for the pre-clinical PBL 
students, the mean value for challenging was -1.06 and for exciting was -0.98. Thus 
results show that overall, pre-clinical LBC students have a more positive attitude 
towards learning about medicine than pre-clinical PBL students. However, the result is 
not significant. A histogram of learning about medicine is shown in figure 5.27. 
Figure 5.27 Learning about medicine for pre-clinical students 
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GLM univariate analysis on learning about medicine 
indicates that the main factors of 
gender and university have significant results, with p-values of 
0.01 and 0.03 
respectively. The main factor of teaching method was not significant, 
having a p-value 
of 0.22. The profile plot in figure 5.28 indicates that 
female students achieved a higher 
score with LBC than male students, while male students achieved 
a higher score with 
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PBL than female students this difference between genders is more noticeable with 
LBC than PBL. The profile plot across the universities (figure 5.29) indicates that 
students in Universities A and B achieved a slightly higher score when using the LBC 
method rather than the PBL method, whilst students in Universities C and D achieved 
higher scores with the PBL method rather than the LBC method; this difference is 
more noticeable for University C. The two-way interaction between gender and 
teaching method was significant, having a p-value of 0.001, while that between 
university and teaching method was not significant (p-value of 0.33). The profile plot 
of learning about medicine across gender (figure 5.28) shows that female LBC students 
achieved a higher score than female PBL students, while male LBC students achieved 
a higher score than male PBL students. The difference due to teaching method is more 
noticeable for male students than for female students; this may be because female 
students are more willing to team about medicine irrespective of the method of 
teaching employed. This may in turn be influenced by the female students' matemal 
instinct. 
Figure 5.28 Profile plot of learning about medicine across gender 
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Figure 5.29 Profile plot of learning about medicine across the universities 
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5.13 Working with patients 
Nle-thod of Teaching 
---- LBC 
PBL 
Pre-clinical LBC students had a higher mean score (0.28) than pre-clinical PBL 
students (0.22) on working with patients, although the mean difference was not 
significant (t=0.45, p=0.65). The effect size was -0.06 with a standard error of 0.13. 
Looking at the five categories under working with patients individually, the pre-clinical 
PBL students rated three of the options (frustrating, depressing and boring) more 
highly than LBC students rated them. The mean values from the PBL students were 
0.77ý 0.85, and 0.86 respectively, whilst the corresponding values for the LBC students 
were 0.22,0.18 and 0.15 respectively. A significant difference was observed between 
the mean p-values less than 0.05. The pre-clinical LBC students rated challenging 
(mean=O. 12) and exciting (mean=0.08) higher than the pre-clinical PBL students: for 
the pre-clinical PBL students, the mean value for challenging was -1.10 and 
for 
exciting it was -1.03. Overall, pre-clinical 
LBC students have a more positive attitude 
towards working with patients than pre-clinical PBL students; 
however, the result is 
not significant. A histogram of working with patients 
is shown in figure 5.30. 
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Figure 5.30 Working with patients for pre-clinical students 
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GLM univariate analysis on working with patients indicates that the main factors of 
gender and university have significant results, with p-values of 0.02 and 0.01 
respectively. The main factor of teaching method was not significant, with a p-value of 
0.29. The profile plot in figure 5.31 indicates that in LBC, female students achieved a 
higher score than male students, whilst in PBL, male students achieved a higher score 
than female students, the difference being most noticeable in the case of LBC. The 
profile plot across the universities (figure 5.32) indicates that students in Universities 
A and B achieved a slightly higher score when using the LBC method than the PBL 
method, whilst students in Universities C and D achieved a higher score with the PBL 
method than the LBC method. This difference is most noticeable for University C. The 
two-way interaction between gender and teaching method was significant, having a p- 
value of 0.01, while that between university and teaching method was not significant 
(p-value of 0.12). The profile plot of working with patients across gender shows that 
female LBC students achieved a higher score than female PBL students, while male 
LBC students achieved a higher score than male PBL students. The 
difference due to 
teaching method is more noticeable for male students than 
for female students, which 
may be because female students are more willing to work with patients 
irrespective of 
the method of teaching employed. This may 
in turn be influenced by the female 
students' maternal instinct. 
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Figure 5.31 Profile plot of working with patients across gender 
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Figure 5.32 Profile plot of working with patients across the universities 
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5.14 Career focusing On medicine 
Pre-clinical LBC students had a higher mean score than pre-clinical PBL students as 
regards a careerfiocusing on medicine. The mean score for pre clinical LBC students 
was 0.13, whereas for pre-clinical PBL students it was - 1.18, giving a significant mean 
difference (t=13.95, p=0.01). The effect size was -1.92 with a standard error of 0.16. 
On individually examining the two categories under career focusing on medicine 
(likely and rewarding), it is clear that the pre-clinical PBL students rated both 
categories lower than the LBC students rated them. Whilst the mean values for the 
PBL students were - 1.10, and -0.99 respectively, the corresponding values for the LBC 
students were 0.13 and 0.10 respectively. A significant difference was observed 
between the mean p-values less than 0.05. Thus pre-clinical LBC students had overall 
a more positive attitude towards a careerjocusing on medicine than pre-clinical PBL 
students. A histogram of careerfocusing on medicine is shown below in figure 5.33. 
Figure 5.33 Career focusing on medicine for pre-clinical students 
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GLM univariate analysis on career focusing on medicine 
indicates that the main 
factors of gender and teaching method 
have significant results, with p-values of 0.04 
and 0.01 respectively. The main 
factor of university was not significant, having a p- 
value of 0.21. The profile plot 
in figure 5.34 indicates that female students achieved a 
higher score than male students on 
both the LBC and PBL methods; this difference 
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was more noticeable for LBC than PBL, however. The profile plot across the 
universities (ficrure 5.35) indicates that students in all four universities achieved a Z"_ 
higher score when using the LBC method rather than the PBL method. The two-way 
interactions between gender and teaching method and between university and teaching 
method were not significant, having p-values of 0.24 and 0.08 respectively. 
Figure 5.34 Profile plot of career focusing on medicine across gender 
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5.15 Problems associated with medicine 
Pre-clinical LBC students had a higher mean score than pre-clinical PBL students on 
problems associated with medicine. The mean score for pre-clinical LBC students was 
0.15, whereas for pre-clinical PBL students it was -0.14. The mean difference was 
significant (t=2.08, p=0.04), and the effect size was -0.28 with a standard error of 0.13. 
Looking at the three categories under problems associated with medicine individually, 
the pre-clinical PBL students rated one option (frightening) higher than the LBC 
students rated it. The mean values were 0.83 for the PBL students and 0.25 for the 
LBC students, with a significant mean difference (p=0.01). For the remaining two 
categories (solvable and manageable), the pre-clinical LBC students rated them higher 
than the pre-clinical PBL students did: the means from the pre-clinical LBC students 
were 0.07 and -0.08 respectively, whilst the corresponding values from the pre-clinical 
PBL students were -0.68 and -0.44 respectively. A significant difference was observed 
between the means p-values of 0.01 and 0.01 respectively. Thus the results show that 
pre-clinical LBC students had overall a more positive attitude towards problems 
associ . ated with medicine than pre-clinical PBL students. A histogram of problems 
associ . ated with medicine is shown in figure 5.36. 
Figure 5.36 Problems associated with medicine for pre-clinical students 
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GLM univariate analysis on problems associated with medicine indicates that the main 
factor of gender was significant, having a p-value of 0.001. The main factors of 
teaching method and university, on the other hand were not significant, having p- 
values of 0.89 and 0.13 respectively. The profile plot in figure 5.37 indicates that 
female students using the PBL method achieved a lower score than male students. 
Therefore, female PBL students are more positive towards problems associated with 
medicine than male PBL students. In the LBC groups, however, female students 
achieved a higher score than male students, indicating therefore that female LBC 
students are more negative towards problems associated with medicine than male LBC 
students. Yet the profile plot across universities (figure 5.38) indicates that there is no 
clear pattern across all four universities. The two-way interaction between gender and 
teaching method was significant, having a p-value of 0.00, whereas the two-way 
interaction between university and teaching method was not significant, having a p- 
value of 0.17. 
Figure 5.37 Profile plot of problems associated with medicine across gender 
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Figure 5.38 
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5.16 Course evaluation form (CEF) 
5.16.1 HGU Evaluation, unit format and amount of work 
Method of Teaching 
LBC 
PBL 
Information regarding how pre clinical students studied human genetics units (HGU) 
was gathered from the course evaluation form. Nearly 50% of pre-clinical students said 
they studied HGU through LBC methods and the remaining 50% said they studied it 
through PBL. The students were also asked what percentage of the entire course they 
thought should use their specified methods. Whilst pre-clinical LBC students said that 
they would prefer 50% of their education to use this method, the corresponding 
percentage for pre-clinical PBL students was just 28%. This was found to be 
significantly different, with a p-value of 0.01, and an effect size of -1.19 with a 
standard error of 0.14. The main factors considered by students when deciding what 
percentage of their education should be taught using either LBC or PBL is shown in 
table 5.10, below. According to pre-clinical PBL students, the enjoyment of the method 
was the most important factor considered (31.6%) followed by the volume of 
information they received (21.1%). For pre-clinical LBC students, the key factor was 
the importance to their professional practice (26.6%), followed by the enjoyment they 
got from the method (22.7%). 
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Table 5.10 Main factors considered 
M Meethhoodd of Teaching t 
LC BBC PBL 
Factors 
r nt Percent Percent 
The enjoyment that I had using this method 22.7 31.6 
The importance of this method to rny professional practice 26.6 16.4 
The volume of information I learned 16.9 21.1 
Interaction with my peers 21.4 18.8 
Independence of learning 12.3 11.8 
Information on students' learning expectations, using their respective method, was also 
solicited, and is shown in table 5.11. Even though there were slight variations in terms 
of percentages, no significant association was observed between teaching method 
(LBC or PBL) and learning expectations. The Pearson Chi-Squared statistic was 2.82 
with a p-value of 0.59. 
Table 5.11 Learning expectations of pre-clinical students 
Durinq the past three class sessions, I learned: 
A lot more Somewhat About as Somewhat Much less 
than I more than I much as I less than I than I 
expected expect d expected expe ted expected Total 
What method did you LBC Count 25 38 19 26 6 114 
use to study Human % within What method 
Genetics Units? did you use to study 21.9% 33.3% 16.7% 22.8% 5.3% 100.0% 
Human Genetics Units? 
PBL Count 24 33 27 20 8 112 
% within What method 
did you use to study 21.4% 29.5% 24.1% 17.9% 7.1% 100.0% 
Human Genetics Units? 
Total Count 49 71 46 46 14 226 
% within What method 
did you use to study 21.7% 31.4% 20.4% 20.4% 6.2% 100.0% 
Human Genetics Units? 
ChiSq=2.82, df=4, p=0.59 
Concerning the format used in classes, 39% of the pre-clinical LBC students said they 
would like to experience the same format again, whilst the corresponding percentage 
for pre-clinical PBL students was 36%. Although 
17% of the pre-clinical LBC students 
would prefer not to experience LBC again, a 
higher percentage (26%) of the pre- 
clinical PBL students would prefer not to experience 
the PBL format again. Even 
though there are variations in these percentages, no significant association was 
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observed; the Pearson Chi-Squared statistic was 2.53 with a p-value of 0.47 (see table 
5.12). 
Table 5.12 Format used in classes 
The format us d in the oast three classes is one that I would: 
Like to 
experience Like to 
again if experience 
Like to these minor again if major Prefer not to 
experience changes changes were experience 
again were made made: again Total 
Method of LBC Count 42 27 20 18 107 
Teaching % within Method 
of Teaching 39.3% 25.2% 18.7% 16.8% 100.0% 
PBL Count 35 20 18 25 98 
% within Method 
of Teaching 35.7% 20.4% 18.4% 25.5% 100.0% 
Total Count 77 47 38 43 205 
% within Method 
of Teaching 
37.6% 
II 
22.9% 
I 
18.5% 
I 
21.0% 
I 
100.0% 
I 
ChiSq=2.53, df=3, p=0.47 
Concerning the amount of work undertaken, 39% (a very high figure) of the pre- 
clinical LBC students said it was more than what they were used to and intolerable, 
whilst the corresponding percentage for pre-clinical PBL students was only 24%. For 
16% of the pre-clinical LBC students, the amount of work was more than what they 
were used to but tolerable, and the corresponding percentage for the pre-clinical PBL 
students was approximately 25%. It is worth noting that 35% of the pre-clinical PBL 
students said that the amount of work was not as much as they were used to, whilst the 
corresponding percentage for the pre-clinical LBC students was 
half this at 18%. A 
significant association was therefore observed between the teaching method 
(LBC or 
PBL) and the amount of work; the Pearson Chi-Squared was 
15.67, with a p-value of 
0.001. Overall, pre-clinical LBC students were more 
likely than pre-clinical PBL 
students to find the workload higher than they were used 
to (see table 5.13 for details). 
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Table 5.13 Amount of work for pre-clinical students 
Compared to the work I have done for this class so far, the 
amount of work involved in the past three class sessions 
was: 
More than I 
am used to More than I About same Not as much 
and am use to as I am as I am used 
intolerable but tolerable used to to Total 
What methoF-LBC Count 44 18 32 20 114 
did you use to % within What 
study Human method did you use 
Genetics to study Human 
38.6% 15.8% 28.1% 17.5% 100% 
Units? Genetics Units? 
PBL Count 27 28 19 39 113 
% within What 
method did you use 
to study Human 
23.9% 24.8% 16.8% 34.5% 100% 
Genetics Units? 
Total Count 71 46 51 59 227 
% within What 
method did you use 
to study Human 
31.3% 20.3% 22.5% 26.0% 100% 
Genetics Units? 
ChiSq= 15.67, df=3, p=0.00 I 
5.16.2 Small-group experience 
During the evaluation, students were divided into small groups and asked to undertake 
certain activities. They were later asked if they were aware of the activities of at least 
one of the other small groups; 38% of pre-clinical LBC students were aware of the 
activities of at least one other small group, whereas only 29% of the pre-clinical PBL 
students were aware of the activities of at least one other small group. 
There was no 
significant association between the teaching method (LBC or 
PBL) and the awareness 
of the activities of other small groups; the Pearson 
Chi-Squared was 1.85, with a p- 
value of 0.17. Overall, 33.5% (n=76) of the pre-clinical students were aware 
of the 
activities of at least one other small group (see table 
5.14). 
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Table 5.14 Small-group experience 
Were you aware of the 
activities of at least one 
of the other small 
ro p? 
No Yes Total 
What method did you LBC Count 71 43 114- 
use to study Human % within What method Genetics Units? did you use to study 62.3% 37.7% 100 0% 
Human Genetics Units? . 
PBL Count 80 33 113 
% within What method 
did you use to study 70.8% 29.2% 100.0% 
Human Genetics Units? 
Total Count 151 76 227 
% within What method 
did you use to study 66.5% 33.5% 100.0% 
Human Genetics Units? , I I 
ChiS q= 1 . 85, df= 1, p=O. 17 
5.17 Resources of information 
Pre-clinical LBC students had a higher mean score than pre-clinical PBL students on 
resources of infonnation. The mean score from pre-clinical LBC students was -0.06, 
whereas that from pre-clinical PBL students was -0.22. The mean difference was not 
significant (t=l. 19, p=0.24). 
The eight categories under resources of information were: lectures, tutorials, faculty 
outside class, other students outside class, textbooks, articles, labs and other. Looking 
at the options individually, a significant result was obtained on only two of them, 
namely lectures and tutorials. Pre-clinical LBC students have a higher mean score than 
pre-clinical PBL students on lectures. The mean score from pre-clinical LBC students 
was 0.59, whereas that from pre-clinical PBL students was 0.07. The mean difference 
was significant, with a p-value of 0.01. The effect size was -0.57, with a standard error 
of 0.13. 
For tutorials, pre-clinical LBC students had a lower mean score (-0.54) than pre- 
clinical PBL students (-0.19). The mean 
difference was significant, having a p-value of 
0.01; the effect size was 0.39, with a standard error of 
0.13. These results indicate that 
for pre-clinical LBC students most of their 
knowledge came from lectures rather than 
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tutorials, while for pre-clinical PBL students the reverse was true. A histogram of 
resources of information is shown in figure 5.39. Overall, no significant result was 
observed between pre-clinical LBC and PBL students with regards resources of 
information. 
Figure 5.39 Resources of information for pre-clinical students 
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GLM univariate analysis on resources of information indicates that the main factor of 
university did have a significant result, with a p-value of 0.001. The main factors of 
gender and teaching method were not significant, with p-values of 0.88 and 0.13 
respectively. The profile plot in figure 5.40 indicates that male students achieved a 
higher score than female students in the LBC group, whilst this pattern is reversed for 
PBL, where female students achieved a higher score than male students. The profile 
plot across the universities (figure 5.41) indicates that there was no clear pattern across 
all four universities, though students in the LBC groups at Universities B and D 
achieved higher scores than those using PBL methods. The two-way interactions 
between gender and teaching method and between university and teaching method 
were not found to be significant, having p-values of 
0.19 and 0.34 respectively. 
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Figure 5.40 Profile plot of resources of information across gender 
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Figure 5.41 Profile plot of resources of information across the universities 
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5.18 PBL and L13C tutors' views 
Information was solicited from tutors on the following factors: rapport with students, 
effectiveness as tutor, PBL processes, session length and number of sessions, topic 
order, problem content, PBL data sheets, instruction sheets, student resources, 
learning issues, facilities and group size. Tutors were asked to indicate how they found 
each factor by selecting no problem, somewhat problematic, or definite problem; table 
5.15 show the results for each factor in percentages. Taking rapport with students as an 
example, just over 83% of LBC tutors said this was no problem, nearly 17% said 
somewhat problematic and none (0%) said it was a definite problem. The 
corresponding percentage from PBL tutors were 94%, 6% and 0%. Chi-Square test 
show no significant association was found between the teaching method (LBC or PBL) 
and rapport with students. Over 33% of LBC tutors found a definite problem with the 
following factors: student resources, learning issues, facilities and group size. Twenty- 
five percent of PBL tutors found a definite problem with student resources and just 
over 31% of PBL tutors found a definite problem with the following factors: no. 
sessions, learning issues and group size. For none of the factors were significant 
associations found. 
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Table 5.15 LBC and PBL tutors' perception of learning method (n=17) 
LBC PBL 
Factor No 
Problem 
Somewhat 
Problematic 
Definite 
Problem 
No 
Problem 
Somewhat 
Problematic 
Definite 
Problem 
Rapport with students 83.3 16.7 0.0 93.8 6.3 0.0 
Effectiveness as tutor 83.3 16.7 0.0 93.8 6.3 0.0 
PBL process 50.0 50.0 0.0 68.7 31.3 0.0 
Session length 66.7 16.7 16.7 71.4 28.6 0.0 
No. sessions 66.7 16.7 16.7 50.0 18.8 31.3 
Topic order 100.0 0.0 0.0 40.0 33.3 26.7 
Problem content 66.7 33.3 0.0 37.5 37.5 25.0 
PBL data sheets 50.0 33.3 16.7 40.0 40.0 20.0 
Instruction sheets 83.3 16.7 0.0 38.5 46.2 15.4 
Student resources 33.3 33.3 33.3 25.0 50.0 25.0 
Learning issues 33.3 33.3 33.3 31.3 37.5 31.3 
Facilities 50.0 16.7 33.3 43.8 37.5 18.8 
Group Size 50.0 1 16.7 
- 
33.3 
-- 
43.8 25.0 31.3 
5.19 Tutors' perception of learning method 
Pre-clinical LBC tutors had a higher mean score than pre-clinical PBL tutors on tutors' 
perception of learning method. The mean score from pre-clinical 
LBC tutors was 0.32, 
whereas that from pre-clinical PBL tutors was -0.43. 
The mean difference was not 
significant (t=2.01, p=0.06), and the effect size was -0.86, with a standard error of 
0.49. Of the fourteen categories under tutors' perception of learning method, clinical 
LBC tutors achieved higher scores than pre-clinical 
PBL tutors on eleven. Overall, 
however, the perception of tutors did not vary significantly 
from LBC to PBL. A 
histogram of tutors'perception of learning method 
is shown in figure 5.42. 
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Figure 5.42 Tutors' perception of learning method for pre-clinical students 
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Tutors were also asked if they would consider being a PBL/LBC tutor again. 
Unfortunately, many tutors did not answer this question - only one response was 
obtained for this question, and this came from an LBC tutor who said yes. 
GLM univariate analysis on tutors' perception of learning method indicates that the 
main factors of university and teaching method did not have significant results, having 
p-values of 0.13 and 0.11 respectively. The profile plot in figure 5.43 indicates that 
LBC tutors achieved a higher score than PBL tutors across all the four universities, 
although the two-way interaction between university and teaching method was not 
found to be significant, having a p-value of 0.67. 
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Figure 5.43 Profile plot of tutors' perception of learning method across the universities 
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5.20 Qualitative data 
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5.20.1 Pre-clinical students' responses to open-ended questions 
In addition to the Likert-type scale questions, instruments for data collection also 
included open-ended questions where students were given the opportunity to offer their 
views, advice and perceptions. 422 students responded to the open-ended questions, 
and although the answers given shared the same theme, presentation and style were 
very different. Because of this, a different approach was adopted for the qualitative 
data analysis. Since most of the students and tutors participating in the research 
responded to the open-ended questions in short sentences or in bullet-point form, the 
themes presented were sorted into categories in order to report responses in terms of 
frequency (number of times that each theme was mentioned, i. e. number of 
students/tutors to mention each theme). 
Four major themes were common from the responses given by students. For each 
major theme, three sub-themes emerge that cover all the statements made by students. 
Details of the major and sub-themes now follow. 
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Student's perception of learning: 
" The teaching stimulated the student learning 
" The teaching encouraged the student to be an active learner 
" The teaching developed student competence 
Student's perception of tutors: 
9 The tutors were authoritarian 
The tutors provided constructive criticism 
The tutors had good communication skills 
Student's academic self-perception: 
9 The student was confident about passing the exam 
9 The student's problem-solving skills were well developed through this 
method 
9 The student found this experience useful for their career 
Student's perception of atmosphere: 
The atmosphere made the student relaxed by using this method in the class 
The atmosphere helped the student to understand 
The student was able to ask questions whenever they wanted to 
The qualitative data analysis is based on these themes and sub-themes. Students' 
responses to the open-ended questions are summarized in tables 5.16 and 5.17. 
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Table 5.16 Students' responses to open-ended questions by treatment group 
Number of 
times 
mentioned 
Major Themes and Sub Themes LBC PBL 
Student's The teaching stimulated the student learning 5 17 
perception of The teaching encouraged the student to be an active learner 2 4 
learning The teaching developed student competence 
11 1 
Total 18 22 
Student's The tutors were authoritarian 0 14 
perception of The tutors provided constructive criticism 3 12 
tutors The tutors had good communication skills 4 9 
Total 7 35 
Student's The student was confident about passing the exam 34 4 
academic 
self- 
The student's problem solving skills were developed through this 
method 
6 0 
perceptions The student found this experience useful for their career 6 0 
Total 46 4 
Student 
perception of 
The atmosphere made the student relaxed by using this method 
in the class 
20 5 
atmosphere The atmosphere helped the student to understand 14 6 
The student was able to ask questions whenever they want to 1 22 
Total 35 33 
Table 5.16 shows that pre-clinical PB L students mentioned their perception of learning 
more times than pre-clinical LBC students: it was mentioned by 22 PBL students, and 
18 LBC students. The major theme of Perception of tutors was also mentioned more by 
the PBL students (35 times) than by the LBC students (7 times). Pre-clinical PBL 
students thought that tutors were authoritarian, provided constructive criticism, and had 
good communication skills. It seems that authoritarian approach fit with PBL. As for 
academic self-perception, this was mentioned by 46 pre-clinical LBC students and 7 
pre-clinical PBL students. It thus seems that pre-clinical LBC students are more aware 
of their academic self-perception than pre-clinical PBL students. Finally, the last major 
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theme, perception of atmosphere, was mentioned 35 times by pre-clinical LBC 
students and 33 times by pre-clinical PBL students. No clear difference between the 
two treatment groups can be discerned with respect to this major theme. 
Looking at the sub-themes, the students' responses to the open-ended questions and 
their written comments echoed the quantitative findings. For example, pre-clinical 
LBC students achieved higher scores on examinations than pre-clinical PBL students. 
From the qualitative data, 34 pre-clinical LBC students said they were confident about 
passing the exam, compared to 4 pre-clinical PBL students. Similarly, pre-clinical LBC 
students achieved higher scores on problem-solving skills than pre-clinical PBL 
students. Pre-clinical LBC students mentioned problem-solving skills 6 times 
compared to the zero times mentioned by pre-clinical PBL students. A further 
breakdown into gender also confirmed the quantitative result, as pre-clinical female 
LBC students mentioned problem-solving skills more times than pre-clinical male 
LBC students (table 5.17). Pre-clinical female LBC students achieved a higher score 
on problem-solving skills than their male counterparts. Finally, 11 pre-clinical LBC 
students said that the teaching had developed student competence, compared to the 
single mention from pre-clinical PBL students. In addition, findings from the 
quantitative data indicate that pre-clinical LBC students are more competent than pre- 
clinical PBL students in their use of resources of information. 
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Table 5.17 Students' responses to open-ended questions by treatment group / gender 
Number of times 
mentioned 
LBC PBL 
Gender Gender 
Major Themes and Sub Themes F M F M 
Student's The teaching stimulated the student learning 0 5 7 10 
perception of The teaching encouraged the student to be an active learner 2 0 2 2 
learning The teaching developed student competence 10 1 1 0 
Total 12 6 10 12 
Student's The tutors were authoritarian 0 0 7 7 
perception of The tutors provided constructive criticism 3 0 7 5 
tutors The tutors had good communication skills 4 0 2 7 
Total 7 0 16 19 
Student's The student was confident about passing the exam 10 24 2 2 
academic self- 
perceptions 
The student's problem solving skills were developed through this 
method 
4 2 0 0 
The student found this experience useful for their career 6 0 0 0 
Total 20 26 2 2 
Student 
perception of 
The atmosphere made the student relaxed by using this method in the 
class 
2 18 4 1 
atmosphere The atmosphere helped the student to understand 14 01 4 2 
The student was able to ask questions whenever they want to 1 0 10 12 
Total 17 18 28 15 
5.20.2 Tutors' responses to open-ended questions 
Tbirty-four tutors responded to the open-ended questions. As with the students' 
responses, the tutors' responses were grouped under four major themes: 
The tutor shows understanding of the subject matter 
The tutor shows commitment with respect to group functionality 
The tutor shows confidence in the learning method being used 
The tutor shows capability of using their expert knowledge 
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The tutors' responses are shown in table 5.18. On the whole, there were 9 mentionings 
by pre-clinical LBC tutors and 8 by pre-clinical PBL tutors. Looking at the individual 
statements, pre-clinical LBC tutors identified with understanding of the subject and 
confidence in learning method 4 and 3 times respectively, while pre-clinical PBL 
tutors mentioned each just twice. On the other hand, 4 pre-clinical PBL tutors 
mentioned commitment with respect to group functionality, whilst it was only 
mentioned twice by pre-clinical LBC tutors. Overall, little or no difference was 
observed between the treatment groups, which confirmed the quantitative result. 
Table 5.18 Tutors' responses to open-ended questions by treatment group 
Number of times 
mentioned 
Themes LBC PBL 
The tutor shows understanding of the subject matter 4 2 
The tutor shows commitment with respect to group functionality 2 4 
The tutor shows confident in the learning method being used 3 2 
The tutor shows capability of using their expert knowledge 0 0 
Total 9 8 
The breakdown of the statements, with respect to gender, within each treatment group, 
does not reveal any differences (as shown in table 5.19). 
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Table 5.19 Tutors' responses to open-ended questions by treatment group / gender 
Teaching Method 
LBC PBL 
Gender Gender 
Themes Female Male Female Male 
The tutor shows understanding of the subject matter 1 3 2 0 
The tutor shows commitment with respect to group functionality 1 1 2 2 
The tutor shows confident in the learning method being used 3 0 0 2 
The tutor shows capability of using their expert knowledge 0 0 0 0 
Total 5 4 4 4 
5.21 Hypotheses revisited for pre-clinical students 
In Chapter Two, fourteen hypotheses were stated regarding learning and affective 
behavioural differences between Saudi undergraduate pre-clinical medical students 
using PBL and those following a more traditional approach (LBC). These hypotheses 
were considered in turn. 
Hypothesis 1: It was hypothesized that students taught in PBL would have higher 
scores in examinations than students taught in a lecture-based format. This hypothesis 
was not supported. The findings indicate that pre-clinical LBC students achieved 
higher scores in human genetics examinations than pre-clinical PBL students, with a 
mean value of 0.52 compared with -0.67. The result was statistically significant 
(t= 11.26, p=0.0 1), with an effect size of - 1.48 (see table 5.22). 
Hypothesis 2: It was hypothesized that students taught in PBL would have a better 
awareness of their genetics knowledge requirement than those taught 
in a lecture- 
basedformat. This hypothesis was not supported either. Again, analysis of the results 
indicates that pre-clinical LBC students have a better awareness of their genetics 
knowledge requirement than pre-clinical PBL students, with a mean value of -0.08 
against -1.12. This was 
found to be statistically significant (t=12.78, p=0.01), with an 
effect size of -1.75 (see table 
5.22). 
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Hypothesis 3: It was hypothesized that students taught in PBL would have better 
problem-solving and critical thinking skills than students taught in a lecture-based 
format. This hypothesis was not supported. Analysis of the results indicates that pre- 
clinical LBC students had better problem-solving skills and stronger critical thinking 
skills than pre-clinical PBL students. A mean value of 0.57 was obtained compared 
with 0.47; this was found to be statistically significant (t=9.44, p=0.01). The effect size 
was -1.58 (see table 5.22). 
Hypothesis 4: It was hypothesized that students taught in PBL would have a higher 
capacity of knowledge retention (reflection) than those taught in a lecture-based 
format. This hypothesis was not supported. Analysis of the results indicates that pre- 
clinical LBC students had a higher capacity for knowledge retention (reflection) than 
pre-clinical PBL students, with a mean value of -0.08 compared with -0.94. This result 
was found to be statistically significant (t=12.08, p=0.01), with an effect size of -1.64 
(see table 5.22). 
Hypothesis 5: It was hypothesized that students taught in PBL would have better 
motivation than those taught in a lecture-based format. This hypothesis was not 
supported. Analysis of the results indicates that pre-clinical LBC students have better 
motivation than pre-clinical PBL students. A mean value of 0.99 was obtained, 
compared with 0.87, which was found to be statistically significant (t=6.32, p=0.01). 
The effect size was -0.84 (see table 5.22). 
Hypothesis 6: It was hypothesized that students taught in PBL would have more 
confidence in conducting self-directed learning than those taught in a lecture-based 
format. This hypothesis was not supported. Analysis of the results indicates that pre- 
clinical LBC students had more confidence in conducting self-directed learning than 
pre-clinical PBL students, with a mean value of -0.04 compared with -0.99. This was 
found to be statistically significant (t=13.63, p=0.01), with an effect size of -1.80 (see 
table 5.22). 
Hypothesis 7: It was hypothesized that students taught in PBL would be generally 
more prepared for each session than those taught 
in a lecture-based forinat. This 
hypothesis was not supported. Data analysis indicates that pre-clinical LBC students 
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had a higher level of preparation than pre-clinical PBL students, with a mean value of - 
0.10 compared with -1.04. This was found to be statistically significant (t=11.50, 
p=0.01), with an effect size of -1.58 (see table 5.22). 
Hypothesis 8: It was hypothesized that students taught in PBL would be less likely to 
be confused, frustrated or stressed when learning about medicine than students taught 
in a lecture-based format. This hypothesis was not supported. The pre-clinical PBL 
students had a slightly higher mean score (0.3 1) than pre-clinical LBC students (0.30), 
indicating that pre-clinical PBL students have higher levels of frustration, stress and 
confusion than pre-clinical LBC students. However, this was not found to be 
statistically significant (t=-0.05, p=0.96) (see table 5.22). 
Hypothesis 9: It was hypothesized that students taught in PBL would be less likely to 
be confused, frustrated or stressed when working with patients than students taught in 
a lecture-based fonnat. There was some evidence to indicate that pre-clinical PBL 
students had lower levels of frustration, stress and confusion when working with 
patients than pre-clinical LBC students. A mean value of 0.22 was obtained, compared 
with 0.28. This hypothesis was not supported, however, as the result was not 
statistically significant (t=0.45, p=0.65) (see table 5.22). 
Hypothesis 10: It was hypothesized that students taught in PBL would be less likely to 
be confused, frustrated or stressed regarding a career focusing on medicine than 
students taught in a lecture-based format. This hypothesis was not supported. Analysis 
of the results indicates that pre-clinical LBC students had lower levels of frustration, 
stress and confusion than pre-clinical PBL students, with a mean value of 0.13 
compared with -1.18. This was found to be statistically significant 
(t=13.95, p=0.01), 
with an effect size of -1.92 (see table 5.22). 
Hypothesis 11: It was hypothesized that students taught in PBL would be less likely to 
be confused, frustrated or stressed regarding problems associated with medicine 
than 
students taught in a lecture-based format. 
This hypothesis was not supported. Analysis 
of the results indicates that pre-clinical 
LBC students had lower levels of frustration, 
stress and confusion regarding problems associated with 
medicine than pre-clinical 
PBL students. A mean value of 0.15 was obtained compared with -0.14, which was 
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found to be statistically significant (t=2.08, p=0.04). The effect size was -0.28 (see 
table 5.22). 
Hypothesis 12: It was hypothesized that students taught in PBL would have a better 
learning experience than those taught in a lecture-based format. This hypothesis was 
not supported. Again, analysis of the results indicates that pre-clinical LBC students 
had a better learning experience than pre-clinical PBL students, with a mean value of - 
0.10 compared with -1.10. This was found to be statistically significant (t=12.23, 
p=0.01), with an effect size of -1.64 (see table 5.22). 
Hypothesis 13: It was hypothesized that students taught in PBL would be more 
competent in the use of resources available than students taught in a lecture-based 
format. This hypothesis was not supported. Data analysis indicates that pre-clinical 
LBC students had a higher level of competence in the use of resources of information 
available than pre-clinical PBL students. A mean value of -0.06 was obtained, 
compared with -0.22, which was not statistically significant (t=1.19, p=0.24) (see table 
5.22). 
Hypothesis 14: It was hypothesized that PBL tutors would have a higher opinion of 
PBL methods than LBC tutors of LBC methods. This hypothesis was not supported. 
Analysis of the results indicates that pre-clinical LBC tutors had a higher perception of 
the learning method than pre-clinical PBL tutors, with a mean value of 0.32 compared 
with -0.43. This was not statistically significant (t=2.01, p=0.06) (see table 5.22). 
5.22 Pre data 
A check was run on the extent to which students remained in their original groups. 
Table 5.20 shows the results of this check. It is clear that only a very small proportion 
of students changed groups. Nevertheless, it is appropriate to see if these changes had 
an impact. Therefore, the pre test data was used as a control to reanalyse the post data. 
A regression procedure was used in which the post test measure was the outcome and 
the pre test measure was the control. Visual inspection of the scatter graphs showed 
satisfactory relations. The relevant correlations are given below (table 5.21). 
177 
Table 5.20 Number of students reporting membership of group 
Pre Intervention 
LBC PBL Total 
Post Intervention LBC 112 3 115 
PBL 3 114 117 
Total 115 117 232 
Table 5.21 Correlation coefficients (r) between pre and post data for all subscales for 
pre-clinical students and tutors 
Subscales r 
Fulfil knowledge requirement 0.20** 
Problem-solving and critical thinking skills 0.22** 
Knowledge retention (reflection) 0.25** 
Motivation 0.11 
Self-directed skills 0.21** 
Level of preparation 0.18** 
Learning about medicine 0.45** 
Working with patients 0.46** 
Career focusing on medicine 0.22** 
Problems associated with medicine 0.46* 
Learning experience 0.26** 
Resources of information 0.29** 
Tutors' perception of learning method 0.16 
** Sig at 1%; * Sig at 5% 
The residuals from the regression were then examined. The effect sizes of the analysis 
using the residuals were compared with the effect sizes calculated assuming random 
assignment (table 5.22). The effect sizes from the residuals were very similar to the 
effect sizes assuming random assignment. They were a little lower, but this is expected 
because the controls reduced the standard deviation. The conclusion reached earlier, 
therefore, remains the same. 
No significant difference was observed between pre-clinical PBL and LBC students. 
For the pre data, see Appendix E. 
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Table 5.22 Comparing effect sizes from residuals and random assignment 
From Residuals Random Assignment 
Subscales Effect size Std. Error Effect size Std Error 
Exam test total -1.48 0.15 
Fulfil knowledge requirement -1.35 0.15 -1.75 0.16 
Problem-solving and critical thinking skills -1.27 0.15 -1.58 0.15 
Knowledge retention (reflection) -1.29 0.15 -1.64 0.15 
Motivation -0.52 0.13 -0.84 0.14 
Self-directed skills -1.23 0.14 -1.80 0.16 
Level of preparation -1.10 0.14 -1.58 0.15 
Learning about medicine -0.09 0.13 0.01 0.13 
Working with patients -0.25 0.13 -0.06 0.13 
Career focusing on medicine -1.28 0.15 -1.92 0.16 
Problems associated with medicine -0.30 0.13 -0.28 0.13 
Learning experience -1.32 0.15 -1.64 0.15 
Resources of information 0.06 0.13 -0.16 0.13 
Tutors' perception of learning method -0.86 0.49 -0.86 0.49 
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Results and Data Analysis 11: Quantitative and 
Qualitative Data for Clinical Students 
6.1 Introduction 
As with Chapter Five, this chapter presents the results and data analysis; but now we 
concentrate on clinical students. As in the previous chapter, the quantitative results 
and data analysis are presented, first assuming random assignment, followed by the 
qualitative results and data analysis. The methodology used in Chapter Five is also 
used in this chapter; therefore, we concentrate on reporting the results rather than on 
the techniques used. 
6.2 Quantitative data 
6.2.1 Distribution by treatment group 
A total of 252 clinical students took part in this research, of which 125 (49.2%) were 
placed in the PBL group and 127 (50.8%) in the LBC group. Placement within groups 
was assigned randomly. 
6.2.2 Distribution by gender 
In terms of gender composition, 132 (52.4%) of the 252 clinical students were male 
and 120 (47.6%) were female. 
6.2.3 Distribution by university 
In terms of distribution across the universities, 60 (23.8%) of the 252 clinical students 
were from University A, 104 (41.3%) from University B, 48 (19.0%) from University 
C and 40 (15.9 %) from University D (see figure 6.1). 
181 
Figure 6.1 Composition by university: number and percentage of clinical students 
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6.2.4 Distribution by age 
The ages of the participating clinical students ranged from 21 years to 25 years old, 
with a mean age of 23.5 years (see figure 6.2 for details). The majority (84.5%) of 
clinical students were between the ages of 23 and 25 years. 
Figure 6.2 Age distribution: number and percentage of clinical students 
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The composition of treatment groups by stratification factors for clinical students is 
shown in table 6.1. 
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Table 6.1 Treatment group composition by stratification factors for clinical students 
LBC PBL 
Gender Gender 
University Female Male Female Male Total 
A 14 16 14 16 60 
B 24 28 24 28 104 
c 13 12 11 12 48 
D I1 10 9 10 40 
Total 61 66 59 66 252 
Total 127 125 252 
6.3 Learning experience 
Figure 6.3 shows the histogram of the normalized score for all students. 
Figure 6.3 Learning experience for clinical students 
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Clinical PBL students gave their learning experience a higher mean score (1.21) than 
clinical LBC students (-0.23), giving a significant mean difference 
(t=-20.12, p=0.01). 
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The effect size for the clinical students' learning experience was 2.54,1 with a 
standard error of 0.17. These results show that clinical PBL students had a better 
learning experience than clinical LBC students. 
From the GLM univariate analysis, significant results were observed regarding the 
relationship between teaching method (p=0.01) and university (p=0.03). The main 
factor of gender was not significant (p=0.22), indicating a similar rating for both male 
and female students, irrespective of the teaching method (see figure 6.4). 
Figure 6.4 Profile of learning experience across gender 
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Looking at learning experience across the universities shows that in both groups (LBC 
and PBL), all four universities performed better with PBL compared to LBC. There 
was very little difference in the mean value across the universities with PBL, as 
shown in figure 6.5. 
There were no significant two-way interactions between gender and teaching method 
(p=0.38), while the interaction was significant between university and teaching 
method (p=0.01). Across all four universities, clinical students achieved higher scores 
when the teaching method was PBL compared to LBC. This could be because clinical 
1 Coe (2000) defines effect size as a way of quantifying the effectiveness of a particular intervention 
relative to some comparison. 
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students learn more through working on actual practical problems, as is the case with 
PBL, than with the classroom-based examples of LBL. 
Figure 6.5 Profile of learniniz experience across thp univimitipQ 
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Looking at each of the eight items under learning experience (see Chapter 5.3), the 
mean of clinical PBL students was higher than that of clinical LBC students. All the 
mean differences were also significant. 
As well as these eight items, the DQ questionnaire solicited information from clinical 
students on other aspects of their learning experience during the human genetics unit. 
The information collated considered their participation, the use of case studies in 
class, and whether or not they enjoyed the experience. They were also asked if they 
had ever been exposed to 'problem-based learning' as an educational strategy, or if 
they had ever taken a course that included a significant amount of information on the 
molecular bases of genetic diseases, chromosomal aberrations and other genetic 
diseases. An analysis of the students' responses now follows. 
Sixteen percent (16%) of the clinical PBL students said that they had previously 
participated in classes which included the use of case studies. The corresponding 
percentage for the clinical LBC students was just over 18% (see table 6.2); the 
difference between the two groups is almost 2%. 
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Table 6.2 Use of case studies 
Have you ever participated in 
classes which included the use of 
case studies? Total 
No Yes 
Method of LBC Count 
104 23 127 
Teaching 
% within Method of 
81.9% 18.1% 100.0% 
Teaching 
PBL Count 102 20 122 
% within Method of 
83.6% 16.4% 100.0% 
Teaching 
Total Count 206 43 249 
% within Method of 
82.7% 17.3% 100.0% 
Teaching 
ChiSq=O. 13, df= 1, p=0.72 
There was no significant association between teaching method (LBC or PBL) and 
whether or not case studies had been used in class. The Pearson Chi-Square statistic 
was found to be 0.13 with a p-value of 0.72. Overall, only 17% (n=43) of clinical 
students had participated in classes which included the use of case studies; the 
corresponding percentage for pre-clinical students is nearly 30%. 
Of those clinical PBL students who said they had participated in classes involving the 
use of case studies, only 30% said that they enjoyed learning in this way. The 
corresponding percentage for pre-clinical LBC students is higher at nearly 35% (see 
table 6.3); no significant association was observed (Chi-Square statistic=0.11, p- 
value=0.74). Overall, of the 43 clinical students that had participated in classes 
involving the use of case studies, 32.6% (n=14) liked learning from case studies. 
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Table 6.3 Number of clinical students who liked learning from case studies 
If your answer to item 4 was 
'YES', did you like learning from 
case studies? Total 
No Yes 
Method of LBC Count 15 7 23 
Teaching 
% within Method of 
65.2% 34.8% 100.0% 
Teaching 
PBL Count 14 6 20 
% within Method of 
70.0% 30.0% 100.0% 
Teaching 
Total Count 29 14 43 
% within Method of 
67.4% 32.6% 100.0% 
Teaching 
ChiS q=O. 11, df= 1.0, p=O. 74 
Only 2.5% of clinical PBL students had previously been exposed to a 'problem-based 
learning' educational strategy. The corresponding percentage for clinical LBC 
students is even smaller at 1.6% (see table 6.4); no significant association was 
observed (Chi-Square statistic=0.27, p-value=0.61). Overall, only 2.0% (n=5) of 
clinical students had previously been exposed to a 'problem-based learning' 
educational strategy. 
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Table 6.4 Problem-based learning 
Have you ever been exposed to 
an educational strategy 
identified as 'problem-based 
learning' before? Total 
No Yes 
Method of LBC Count 125 2 127 
Teaching 
% within Method of 
98.4% 1.6% 100.0% 
Teaching 
PBL Count 117 3 120 
% within Method of 
97.5% 2.5% 100.0% 
Teaching 
Total Count 242 5 247 
% within Method of 
98.0% 2.0% 100.0% 
Teaching 
ChiSq=0.27, df=1.0, p=0.61 
The majority of the clinical students, irrespective of their treatment group, had taken a 
course with a significant amount of information on molecular bases of genetic 
diseases, chromosomal aberrations and other genetic diseases. The percentages for 
clinical PBL students were 99.2%, 99.2% and 97.6% respectively, whilst the 
corresponding percentages for clinical LBC students were 96.9%, 95.3% and 97.6% 
respectively (see tables 6.5,6.6 and 6.7). No significant association was observed 
between the treatment groups for molecular bases of genetic diseases (Chi-Square 
statistic=1.72, p-value=O. 19); chromosomal aberrations (Chi-Square statistic=3.47, p- 
value=0.06) and other genetic diseases (Chi-Square statistic=0.01, p-value=0.97). 
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Table 6.5 Molecular bases of genetic diseases 
Have you ever taken a course 
that included a significant 
amount of information about 
molecular bases of genetic 
diseases? Total 
No Yes 
Method of LBC Count 
4 124 128 
Teaching 
% within Method of 
3.1% 96.9% 100.0% 
Teaching 
PBL Count 1 122 123 
% within Method of 
. 8% 99.2% 100.0% Teaching 
Total Count 5 246 251 
% within Method of 
2.0% 98.0% 100.0% 
Teaching 
ChiSq=1.72, df=1.0, p=0.19 
Table 6.6 Chromosomal aberrations 
Have you ever taken a course 
that included a significant 
amount of information about 
chromosomal aberrations? Total 
No Yes 
Method of LBC Count 
6 122 128 
Teaching 
% within Method of 
4.7% 95.3% 100.0% 
Teaching 
PBL Count 1 122 123 
% within Method of 
. 
8% 99.2% 100.0% 
Teaching 
Total Count 7 244 251 
% within Method of 2.8% 97.2% 100.0% 
Teaching 
ChiSq=3.47, df= 1 -0, p=0.06 
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Table 6.7 Other genetic diseases 
Have you ever taken a course 
that included a significant 
amount of information about 
other genetic diseases? Total 
No Yes 
Method of LBC Count 
3 124 127 
Teaching 
% within Method of 
2.4% 97.6% 100.0% 
Teaching 
PBL Count 3 120 123 
% within Method of 
2.4% 97.6% 100.0% 
Teaching 
Total Count 6 244 250 
% within Method of 
2.4% 97.6% 100.0% 
Teaching 
ChiSq=0.00, df=1.0, p=0.97 
6.4 Caring experience 
Information about the caring experience of clinical students with respect to sickle cell 
anaemia and Down's syndrome was also solicited. About thirty percent (30.1 %) of the 
clinical PBL students said that they had experienced caring for persons with sickle 
cell anaernia; the corresponding percentage for clinical LBC students was lower at 
27.3%. (see table 6.8). No significant association was observed (Chi-Square 
statistic=0.23, p-value=0.62). Overall, 28.7% of all clinical students had experienced 
caring for persons with sickle cell anaernia. 
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Table 6.8 Sickle cell anaemia 
Do you have experience in 
caring for persons with 
sickle cell anaemia? Total 
No Yes 
Method of LBC Count 93 35 128 
Teaching % within Method of 
72.7% 27.3% 100.0% 
Teaching 
PBL Count 86 37 123 
% within Method of 69.9% 30.1% 100.0% 
Teaching 
Total Count 179 72 251 
% within Method of 
71.3% 28.7% 100.0% 
Teaching 
ChiSq=0.23, df=1.0, p=0.62 
For Down's syndrome, 22.0% of clinical PBL students had experienced caring for 
persons with this disease, while the corresponding percentage for clinical LBC is 
slightly lower at 19.7% (see table 6.9); no significant association was observed (Chi- 
Square statistic=0.20, p-value=0.66). Overall, a lower percentage (20.7%) of all 
clinical students had experienced caring for people with Down's syndrome than had 
cared for people with sickle cell anaernia (28.7%). 
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Table 6.9 Down's syndrome 
Do you have experience in 
caring for persons with 
Down's syndrome? Total 
No Yes 
Method of LBC Count 102 25 127 
Teaching 
% within Method of 
80.3% 19.7% 100.0% 
Teaching 
PBL Count 96 27 123 
% within Method of 
78.0% 22.0% 100.0% 
Teaching 
Total Count 198 52 250 
% within Method of 
79.2% 20.8% 100.0% 
Teaching 
ChiSq=0.20, df=1.0, p=0.66 
6.5 Human genetics unit examination 
Analysis from the examination indicated that clinical PBL students scored a higher 
mean than clinical LBC students: the mean score for clinical PBL students was 0.03, 
whereas that for clinical LBC students was -0.03. The mean difference was not 
significant, however (t=-0.48, p=0.63); the effect size was 0.06, with a standard error 
of 0.13. Thus in summary, clinical PBL students achieved higher, but not significantly 
higher, marks in the examination test than clinical LBC students. A histogram of the 
human genetics unit examination is shown in figure 6.6. 
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Figure 6.6 Post-exam test total for clinical students 
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GLM univariate analysis on examination results indicates that the main factors of 
gender and teaching method were not significant (p-values of 0.97 and 0.40 
respectively), while the main factor of university was significant (p-value=0.01). The 
two-way interactions between gender and teaching method and between university 
and teaching method were not significant, having p-values of 0.28 and 0.12 
respectively. 
6.6 Fulfil knowledge requirement 
Clinical PBL students had a higher mean score than clinical LBC students on fulfil 
knowledge requirement; the mean score for clinical PBL students was 1.19, whereas 
that for clinical LBC students was -0.23. The mean difference was significant 
(t=19.50, p=0.01), and the effect size was 2.46 with a standard error of 0.17. Thus 
clinical PBL students achieved a significantly higher score on fulfil knowledge 
requirement than clinical LBC students. In fact, looking at the individual indicators on 
this scale, clinical PBL students achieved higher scores than clinical LBC students on 
all the indicators. A histogram offulfil knowledge requirement is shown in figure 6.7. 
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Figure 6.7 Fulfil knowledge requirement for clinical students 
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GLM univariate analysis on fulfil knowledge requirement indicates that the main 
factor of gender was not significant (p=0.83), whereas teaching method and university 
show significant results with p-values of 0.01 and 0.01 respectively. The profile plot 
across the universities (figure 6.8) indicates that all four universities achieved a higher 
score when using the PBL method than the LBC method. The two-way interaction 
between gender and teaching method was not significant (p=O. 15), while that between 
university and teaching method was found to be significant (p=0.01). 
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Figure 6.8 Profile plot of fulfil knowledge requirement across the universities 
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6.7 Problem-solving and critical thinking skills 
Method of Teaching 
LBC 
PBL 
Clinical PBL students had a higher mean score than clinical LBC students on 
problem-solving and critical thinking skills: the mean score for clinical PBL students 
was 1.24, whereas that for clinical LBC students was -0.37. The mean difference was 
significant (t=- 19.11, p=0.0 1), and the effect size was 2.43 with a standard error of 
0.19. Thus clinical PBL students achieved significantly higher scores on problem- 
solving and critical thinking skills than clinical LBC students. In fact, clinical PBL 
students achieved higher scores than clinical LBC students on all six of the items on 
this scale. A histogram of problem-solving and critical thinking skills is shown in 
figure 6.9. 
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Figure 6.9 Problem-solving and critical thinking skills for clinical students 
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GLM univariate analysis of problem-solving and critical thinking skills indicates that 
the main factor of gender was not significant (p=0.85), while those of teaching 
method and university both showed significant results, with p-values of 0.01 and 0.01 
respectively. The profile plot across the universities (figure 6.10) indicates that 
students in all four universities achieved a higher score when using the PBL method 
than the LBC method. Little difference was observed across universities with regards 
the PBL method only, but for the LBC method, more variation is observed across 
universities, as indicated by the profile plot. This could be due to unique approaches 
used by tutors when lecturing; problem-based learning, being less tutor-centred, might 
therefore be less affected by the idiosyncrasies of different tutors. The two-way 
interaction between gender and teaching method was found not to be significant 
(p=0.35), whereas that between university and teaching method was significant 
(p=0.01). It is the second time that university A had a low score for LBC. 
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Figure 6.10 Profile plot of problem-solving and critical thinking skills across the 
universities 
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6.8 Knowledge retention (reflection) 
r D 
Method of Teaching 
LBC 
PBL 
Clinical PBL students had a higher mean score (1.25) than clinical LBC students 
0.40) on knowledge retention (reflection), with a significant mean difference (t= 
20.12, p=0.01). The effect size was 2.53 with a standard error of 0.17. Thus clinical 
PBL students achieved a significantly higher score on knowledge retention 
(reflection) than clinical LBC students. A histogram of knowledge retention 
(reflection) is shown in figure 6.11. 
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Figure 6.11 Knowledge retention (reflection) for clinical students 
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GLM univariate analysis on knowledge retention (reflection) indicates that the main 
factor of gender was not significant (p=0.71), while those of teaching method and 
university both showed significant results, with p-values of 0.01 and 0.01 
respectively. The profile plot across the universities (figure 6.12) indicates that 
students in all four universities achieved a higher score when using the PBL method 
as opposed to the LBC method. When looking at the PBL method alone, little 
difference was observed across the universities; however, when looking at the LBC 
method, more variation was observed across the universities, as indicated by the 
profile plot. The two-way interaction between gender and teaching method was not 
significant (p=0.41), whereas that between university and teaching method was 
significant (p=0.01). 
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Figure 6.12 Profile plot of knowledge retention (reflection) across the universities 
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6.9 Motivation and intrinsic interest in learning 
Method of Teaching 
LBC 
PBL 
Clinical PBL students had a higher mean score than clinical LBC students with 
respect to motivation and intrinsic interest in learning: the mean score for clinical 
PBL students was 0.40, while that for clinical LBC students was -0.19. The mean 
difference was significant (t=-5.02, p=0.01), and the effect size was -0.63, with a 
standard error of 0.13. Thus clinical PBL students achieved a significantly higher 
score on motivation and intrinsic interest in learning than clinical LBC students. In 
fact, for each of the items under motivation, clinical PBL students achieved higher 
scores than clinical LBC students. A histogram of motivation and intrinsic interest in 
learning is shown in figure 6.13. 
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Figure 6.13 Motivation for clinical students 
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GLM univariate analysis on motivation and intrinsic interest in learning indicates that 
the main factors of gender and university were not significant, with p-values of 0.66 
and 0.24 respectively; whereas that of teaching method was significant (p=0.01). The 
profile plot across the universities (figure 6.14) indicates that students in all four 
universities achieved a higher score when using the PBL method rather than the LBC 
method; this difference in teaching method was more noticeable for some universities 
than others, as indicated by the profile plot. The two-way interactions between gender 
and teaching method and between university and teaching method were not 
significant, having p-values of 0.99 and 0.20 respectively. 
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Figure 6.14 Profile plot of motivation across the universities 
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6.10 Self-directed skills 
Method of Teaching 
LBC 
PBL 
Clinical PBL students had a higher mean score (1.23) than clinical LBC students (- 
0.39) on self-directed skills, with a significant mean difference (t=-20.08, p=0.01); the 
effect size was 2.54 with a standard error of 0.17. In fact, for all the eight categories 
under self-directed skills, clinical PBL students achieved significantly higher scores 
than clinical LBC students. A histogram of self-directed skills is shown in figure 6.15. 
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Figure 6.15 Self-directed skills for clinical students 
50 
40 
30 
20 
10 
,I 
GLM univariate analysis on self-directed skills indicates that the main factor of 
gender was not significant (p=0.79), whereas the main factors of teaching method and 
university were significant, with p-values of 0.01 and 0.01 respectively. The profile 
plot across universities (figure 6.16) indicates that students in all four universities 
achieved a higher score when using the PBL method than when using the LBC 
method. The two-way interaction between gender and teaching method was not 
significant (p=0.35), whereas that between university and teaching method was 
(p=0.01). When looking at the PBL method alone, the difference across universities 
was very small; however, this was not the case when the profile plot for the LBC 
method across the universities was examined. As aforementioned, this could be due to 
the unique approaches of tutors when lecturing. In addition, knowledge gained by 
experience may have more impact on students than knowledge gained from lectures. 
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Figure 6.16 Profile plot of self-directed skills across the universities 
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6.11 Level of preparation 
Method of Teaching 
LBC 
PBL 
Clinical PBL students had a higher mean score (1.17) than clinical LBC students (- 
0.25) on level of preparation. The mean difference was significant (t=- 18.42, p=0.0 1); 
the effect size was 2.33, with a standard error of 0.16. Thus clinical PBL students 
were, or felt, better prepared than clinical LBC students (whether preparing alone, 
with other students, regularly or irregularly). In fact, for all three of the categories 
under level of preparation, clinical PBL students achieved significantly higher scores 
than clinical LBC students. A histogram of level of preparation is shown in figure 
6.17. 
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Figure 6.17 Level of preparation for clinical students 
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GLM univariate analysis on level of preparation indicates that the main factors of 
gender, teaching method and university have results that are significant, with p-values 
of 0.04,0.01 and 0.01 respectively. The profile plot in figure 6.18 indicates that 
female students achieved a slightly higher score than male students on both LBC and 
PBL; thus female students had a higher level of preparation than male students on 
both the LBC and the PBL methods. 
Figure 6.18 Profile plot of level of preparation across gender 
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The profile plot across the universities (figure 6.19) indicates that students in all four 
universities achieved a higher score when using the PBL method rather than the LBC 
method. The two-way interaction between gender and teaching method was not 
significant (p=0.39), whereas that between university and teaching method was 
significant (p=0.01). 
Again, when looking at the PBL method alone, the difference across universities was 
very small, but this was not the case when the profile plot for the LBC method across 
universities was examined. 
Figure 6.19 Profile plot of level of preparation across the universities 
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6.12 Learning about medicine 
IvIethod of Teaching 
---- LB C 
PBL 
Clinical PBL students had a lower mean score (-0.46) than clinical LBC students (- 
0.11) on learning about medicine. The mean difference was significant (t=3.02, 
p=0.01); the effect size was -0.38 with a standard error of 0.13. A histogram of 
learning about medicine is shown in figure 6.20. 
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Figure 6.20 Learning about medicine for clinical students 
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GLM univariate analysis on learning about medicine indicates that the main factors of 
gender and teaching method do not have significant results, with p-values of 0.07 and 
0.09 respectively; the main factor of university, however, was significant (p=0.01). 
The profile plot in figure 6.21 indicates that female students achieved a higher score 
with PBL than male students, while male students achieved a higher score than female 
students with the LBC approach. This difference between genders is more noticeable 
with LBC than PBL. The profile plot across the universities (figure 6.22) indicates 
that there is no clear pattern across the universities with respect to teaching methods. 
This is a clear departure from the results that have been seen so far, which show 
overall that clinical students generally do better across the universities on PBL than 
LBC. The two-way interactions between gender and teaching method and between 
university and teaching method were significant with p-values of 0.01 and 0.01 
respectively. 
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Figure 6.21 Profile plot of learning about medicine across gender 
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Figure 6.22 Profile plot of learning about medicine across the universities 
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The profile plot of learning about medicine across gender shows that female students 
achieved a higher score with PBL than LBC, while for male students this was the 
inverse. The difference between teaching methods is more noticeable for male than 
for female students, which may be because female students are more willing to learn 
about medicine irrespective of the method of teaching employed. This may in turn be 
influenced by the female students' maternal instinct. 
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6.13 Working with patients 
Clinical PBL students had a lower mean score (-0.42) than clinical LBC students (- 
0.05) on working with patients. The mean difference was significant (t=3.15, p=0.01); 
the effect size was -0.40, with a standard error of 0.13. A histogram of working with 
patients is shown in figure 6.23. 
Figure 6.23 Working with patients for clinical students 
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GLM univariate analysis on working with patients indicates that the main factors of 
gender and teaching method were not significant with p-values of 0.77 and 0.09 
respectively, whilst the main factor of university was (p=0.01). The profile plot in 
figure 6.24 indicates that female students achieved a higher score than male students 
with PBL, while male students achieved a higher score than female students with 
LBC. 
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Figure 6.24 Profile plot of working with patients across gender 
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As with learning about medicine, discussed above, the profile plot of working with 
patients across the universities (figure 6.25) indicates that there is no clear pattern 
across the universities with respect to teaching method. This is a clear departure from 
the results that have been seen so far, which show overall that clinical students 
generally do better across universities on PBL than LBC (with the exception of figure 
6.22). The two-way interactions between gender and teaching method and between 
university and teaching method were significant, with p-values of 0.04 and 0.01 
respectively. 
Figure 6.25 Profile plot of working with patients across the universities 
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6.14 Career focusing on medicine 
Clinical PBL students had a higher mean score (0-89) than clinical LBC students (- 
0.08) with regard to a career fiocusing on medicine. The mean difference was 
significant (t=- 11.95, p=0.0 1); the effect size was 1.52 with a standard error of 0.14. A 
histogram of careerfocusing on medicine is shown in figure 6.26. 
Figure 6.26 Career focusing on medicine for clinical students 
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GLM univariate analysis on career focusing on medicine indicates that the main 
factors of gender and university did not have significant results, with p-values of 0.76 
and 0.14 respectively, while the main factor of teaching method was significant 
(p=0.01). The profile plot across the universities (figure 6.27) indicates that students 
in all four universities achieved a higher score on careerfocusing on medicine when 
using the PBL method than the LBC method. As the profile plot shows, there is much 
less variation across the universities for the PBL method than for LBC. The two-way 
interaction between gender and teaching method was not significant (p=0.28), while 
that between university and teaching method was significant (p=0.01). 
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Figure 6.27 Profile plot of career focusing on medicine across the universities 
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6.15 Problems associated with medicine 
I'dethod of Teaching 
LBC 
PBL 
Clinical PBL students had a higher mean score (0.36) than clinical LBC students (- 
0.40) on problems associated with medicine. The mean difference was significant (t=- 
7.22, p=0.01); the effect size was 0.91 with a standard error of 0.13. A histogram of 
problems associated with medicine is shown in figure 6.28. 
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Figure 6.28 Problems associated with medicine for clinical students 
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GLM univariate analysis on problems associated with medicine indicates that the 
main factor of gender was not significant (p=0.66), while the main factors of teaching 
method and university were significant (p-values of 0.01 for both). The profile plot 
across the universities (figure 6.29) indicates that a clear pattern: in all four 
universities, students taught using PBL achieved a higher score than students taught 
using LBC. The two-way interaction between gender and teaching method was not 
significant (p=0.53), whereas the two-way interaction between university and teaching 
method was significant (p=0.01). For clinical students, the PBL method was better 
than the LBC method, shown by the higher profile plot for. Furthermore, there was 
much less variation across the universities for PBL than for LBC. 
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Figure 6.29 Profile plot of problem associated with medicine across the universities 
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6.16 Course evaluation form (CEF) 
6.16.1 HGU evaluation, unit format and amount of work 
Method of Teaching 
LBC 
PBL 
Nearly 50% of clinical students said they studied HGU by LBC methods, and the 
remaining 50% said they studied it by PBL. Clinical students were also asked what 
percentage of the entire course they think should use their specified methods. To 
summarize the findings, 41% of clinical LBC students said that they would prefer 
their education to use LBC; the corresponding percentage for clinical PBL students 
was 47%. This was found to be significantly different, with a p-value of 0.02. 
However, the effect s ize was j ust 0.3 0, with a standard error of 0.11 
The main factors considered by students when deciding what percentage of their 
education should be taught using either LBC or PBL are shown in table 6.10. 
According to clinical PBL students, the enjoyment of the method was the most 
important factor considered (26.0%) followed by the importance of the method to 
their professional practice (24.3 %). The volume of information and the independence 
of learning each gained 17.7% of the vote. The least important 
factor was the 
interaction with peers (14.4%). 
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Similarly, for clinical LBC students, the most important factor was the enjoyment of 
the method (28.4%) followed by the importance to their professional practice 
(20.7%). The third, forth and fifth factors were the volume of information, the 
interaction with peers, and the independence of learning, with percentages of 19.5%, 
17.2% and 14.2% respectively. 
Table 6.10 Main factors considered 
Method of Teaching 
LBC PBL 
Factors Percent Percent 
The enjoyment that I had using this method 28.4 26.0 
The importance of this method to my professional practice 20.7 24.3 
The volume of information I learned 19.5 17.7 
The interaction with my peers 17.2 14.4 
The independence of learning 14.2 17.6 
Students' learning expectations with regard to their current learning method (LBC or 
PBL) are shown below in table 6.11. Even though there were slight variations in terms 
of percentages, no significant association was observed between teaching method and 
learning expectations. The Pearson Chi-Squared statistic was 5.75, with a p-value of 
0.22. 
Table 6.11 Learning expectations 
urinq the past t ree class sessions, I learned: 
A lot more Somewhat About as Somewhat Much less 
than I more than I much as I less than I than I 
expected expected expected expected expect d Total 
Method of LBC Count 32 34 26 24 8 
124 
Teaching % within Method 25.8% 27.4% 21.0% 19.4% 6.5% 100.0% 
of Teaching 
PBL Count 22 27 39 25 11 124 
% within Method 17.7% 21.8% 31.5% 20.2% 8.9% 100.0% 
of Teaching 
Total Count 54 61 65 49 19 
248 
% within Method 21.8% 24.6% 26.2% 19.8% 7.7% 100.0% 
of Teaching I I 
ChiSq=5.75, df=4, p=0.22 
Concerning the format used in classes, 40.2% of the clinical LBC students said 
they 
would like to experience LBC again; the corresponding percentage 
from the clinical 
PBL students was lower, at 25%. While 18.8% of the clinical 
LBC students would 
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prefer not to experience LBC again, a higher percentage (27.6%) of the clinical PBL 
students would prefer not to experience the PBL format again. Even though there are 
variations in these percentages, no significant association was observed. The Pearson 
Chi-Squared statistic was 6.65 with a p-value of 0.08. Responses regarding format are 
shown in table 6.12. 
Table 6.12 Format used in classes 
The format used in the past three classes is one that I would: 
Like to 
experience Like to 
Like to again if these experience again Prefer not to 
experience minor changes if major changes experience Total 
again were made were made: again 
Method of LBC Count 47 23 25 22 117 
Teaching % within Method of 
40.2% 19.7% 21.4% 18.8% 100.0% 
Teachin- 
PBL Count 29 25 30 32 116 
% within Method of 
25.0% 21.6% 25.9% 27.6% 100.0% 
Teaching 
Total Count 76 48 55 54 233 
% within Method of 
32.6% 20.6% 23.6% 23.2% 100.0% 
Teaching 
ChiSq=6.65, df=3, p=0.08 
With regard to the amount of work undertaken, 39.1% of the clinical LBC students 
said it was more than they were used to and intolerable, whilst the corresPonding 
percentage from clinical PBL students was only 23.4%. For 14.8% of the clinical 
LBC students, the amount of work was more than they were used to but tolerable; the 
corresponding percentage from the clinical PBL students was higher (24.2%). A 
significant association was observed between the teaching method (LBC or PBL) and 
the amount of work. The Pearson Chi-Squared statistic was 9.50, with a p-value of 
0.02. Overall, pre-clinical LBC students found the workload higher than pre-clinical 
PBL students did (see table 6.13). 
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Table 6.13 Amount of work 
Compared to the work I have done for this class so far, the amount 
of work involved in the past three class sessions was: 
More than I 
am used to More than I am 
and use to but About same as Not as much Total 
intolerable tolerable I am used to as I am used to 
Method of LBC Count 50 19 25 34 128 
Teaching % within Method of 
39.1% 14.8% 19.5% 26.6% 100.0% 
Teaching 
PBL Count 29 30 34 31 124 
% within Method of 
23.4% 24.2% 27.4% 25.0% 100.0% 
Teaching 
Total Count 79 49 59 65 252 
% within Method of 31.3% 19.4% 23.4% 25.8% 100.0% 
Teaching 
ChiSq=9.50, df=3, p=0.02 
6.16.2 Small-group experience 
Nineteen percent of clinical LBC students were aware of the activities of at least one 
other small group, whereas only 4.8% of the clinical PBL students were aware of 
another small group's activities (see table 6.14). There was significant association 
between the teaching method (LBC or PBL) and the awareness of the activities of 
other small groups. The Pearson Chi-Squared statistic was 11.95, with a p-value of 
0.01. Thus a significantly higher percentage of the clinical LBC students were aware 
of the activities of at least one other small group compared to the clinical 
PBL 
students. 
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Table 6.14 Small-group experience 
Were you aware of the 
activities of at least one of the 
other small group? Total 
No Yes 
Method of LBC Count 
Teaching 
102 24 126 
% within Method of 
Teaching 
81.0% 19.0% 100.0% 
PBL Count 118 6 124 
% within Method of 
95.2% 4.8% 100.0% Teaching 
Total Count 220 30 250 
% within Method of 
88.0% 12.0% 100.0% 
Teaching 
t-, ni3q=i ai=i, p=u. ui 
6.17 Resources of information 
Clinical PBL students had a higher mean score (0.10) than clinical LBC students on 
resources of infonnation (0.08). The mean difference was not significant (t=-0.19, 
p=0.85). 
The eight categories under resources of information were: lectures, tutorials, faculty 
outside class, other students outside class, textbooks, articles, labs and other. A 
significant result was obtained on only two of these categories; namely lectures and 
tutorials. As regards lectures, clinical LBC students had a higher mean score (-0.11) 
than clinical PBL students (-0.55). These scores had a significant mean difference, 
with a p-value of 0.01, and an effect size of -0.54 with a standard error of 0.13. For 
tutorials, clinical LBC students had a lower mean score (0.17) than clinical PBL 
students (0.55); the mean difference was significant with a p-value of 0.01, and the 
effect size was 0.46 with a standard error of 0.13. This finding indicates that clinical 
LBC students preferred lectures to tutorials while clinical PBL students preferred 
tutorials to lectures. A histogram of resources o information is shown in figure 
6.30. ýf 
Overall, no significant result was observed between clinical LBC and 
PBL students on 
resources of information. 
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Figure 6.30 Resources of information for clinical students 
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GLM univariate analysis on resources of information indicates that the main factor of 
university did have a significant result, with a p-value of 0.01. The main factors of 
gender and teaching method were not significant, with p-values of 0.31 and 0.50 
respectively. The profile plot across universities (figure 6.3 1) indicates that there was 
no clear pattern across all four universities, though students from Universities C and 
D achieved higher scores using LBC than PBL methods, as indicated by the profile 
plots. Students from Universities A and B achieved higher scores using PBL than 
LBC methods, as indicated by the profile plots. The two-way interaction between 
gender and teaching method was not significant (p=0.98), whereas that between 
university and teaching method was significant (p=0.05). 
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Figure 6.31 Profile plot of resources of information across the universities 
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6.18 PBL and LBC tutors' views 
Method of Teaching 
LBC 
PBL 
Information was solicited from tutors on the following factors: rapport with students, 
effectiveness as tutor, PBL processes, session length and number of sessions, topic 
order, problem content, PBL data sheets, instruction sheets, student resources, 
learning issues, facilities and group size. Tutors were asked to indicate how they 
found each factor by selecting no problem, somewhat problematic, or definite problem 
(see table 6.15). Taking rapport with students as an example, all LBC tutors said this 
was no problem; 86.7% of PBL tutors agreed. While 13.3% of PBL tutors said 
rapport with students was somewhat problematic; none said that it was a definite 
problem. No significant association was found between teaching method (LBC or 
PBL) and rapport with students or, in fact, for any of the factors. Whilst PBL data 
sheets were somewhat problematic to 50% of LBC tutors, and a definite problem to 
the other 50%. 46.6% of PBL tutors found them somewhat problematic, whereas 
26.7% of them said it was a definite problem. 
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Table 6.15 LBC and PBL tutors' perception of learning method (n=17) 
LBC 
- -- 
PBL 
Factor No 
Problem 
Somewhat 
Problematic 
5e rinite 
Problem 
No 
Problem 
Somewhat 
Problematic 
Definite 
Problem 
Rapport with students 100.0 0.0 0.0 86.7 13.3 0.0 
Effectiveness as tutor 100.0 0.0 0.0 86.7 13.3 0.0 
PBL process 100.0 0.0 0.0 71.4 28.6 0.0 
Session length 80.0 20.0 0.0 60.0 40.0 0.0 
No. sessions 80.0 20.0 0.0 60.0 40.0 0.0 
Topic order 60.0 40.0 0.0 38.5 53.8 7.7 
Problem content 60.0 20.0 20.0 23.1 53.8 23.1 
PBL data sheets 0.0 50.0 50.0 26.7 46.6 26.7 
Instruction sheets 0.0 60.0 40.0 33.3 46.7 20.0 
Student resources 0.0 80.0 20.0 23.0 46.2 30.8 
Learning issues 10.0 70.0 20.0 35.7 32.2 32.2 
Facilities 60.0 0.0 40.0 60.0 26.7 13.3 
Group Size 60.0 0.0 40.0 66.7 20.0 13.3 
6.19 Tutors' perception of learning method 
Clinical LBC tutors had a higher mean score than clinical PBL tutors on tutors' 
perception of learning method. The mean score from clinical LBC tutors was 0.85, 
whereas that from clinical PBL tutors was 0.06; the mean difference was not 
significant (t=1.58, p=0.13). Of the fourteen categories under tutors' perception of 
learning method, clinical LBC tutors achieved higher scores than clinical PBL tutors 
on thirteen. A histogram of tutors' perception of learning method is shown in 
figure 
6.32. Overall, the perception of tutors did not vary significantly. 
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Figure 6.32 Tutors' perception of learning method for clinical students 
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Tutors were also asked if they would consider being a PBL/LBC tutor again. 
Unfortunately, many tutors did not answer this question - only one response was 
obtained for this question, and this came from an LBC tutor who said yes. 
GLM univariate analysis on tutors' perception of learning method indicates that the 
main factors of university and teaching method did not have significant results, having 
p-values of 0.09 and 0.37 respectively. The two-way interaction between university 
and teaching method was not significant, with p-values of 0.67. 
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6.20 Qualitative data 
6.20.1 Clinical students' responses to open-ended questions 
The qualitative data analysis is based on the themes and sub-themes mentioned in Chapter 
Five (5.20), which discussed pre-clinical students' responses. In this section, the responses 
from clinical students will be considered. Clinical students' responses to the open-ended 
questions are summarized in tables 6.16 and 6.17. 
Table 6.16 Clinical students' responses to open-ended questions by treatment group 
Number of times 
mentioned 
Major Themes and Sub Themes LBC PBL 
Student's The teaching stimulated the student learning 3 13 
perception of The teaching encouraged the student to be an active learner 9 12 
learning The teaching developed student competence 2 0 
Total 14 25 
Student's The tutors were authoritarian 0 0 
perception of The tutors provided constructive criticism 3 4 
tutors The tutors had good communication skills 8 8 
Total 11 12 
Student's The student was confident about passing the exam 18 24 
academic self- 
perceptions 
The student's problem solving skills were developed through this 
method 
2 8 
The student found this experience useful for their career 21 
to 
Total 41 42 
Student 
perception of 
The atmosphere made the student relaxed by using this method in the 
class 
7 16 
atmosphere The atmosphere helped the student to understand 
26 5 
The student was able to ask questions whenever they want to 
7 15 
36 
Total 
40 
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Looking at the major themes, table 6.16 shows that clinical PBL students mentioned their 
perception of learning more times than clinical LBC students: PBL students mentioned it 25 
times, whereas LBC students mentioned it 14 times. 
There was no difference in opinion between the treatment groups with respect to whether 
tutors were authoritarian, provided constructive criticism, or had good communication skills. 
As a major theme, PBL students mentioned their perception of tutors 12 times compared to 
the 11 times that LB C students mentioned it. 
There was no difference in opinion between the treatment groups with regard to the students' 
academic self-perceptions. Clinical LBC students mentioned their academic self-perception 
41 times compared to the 42 times mentioned by clinical PBL students. 
Finally, the last major theme, student perception of atmosphere, was mentioned 40 times by 
clinical LBC students and 36 times by clinical PBL students. There was no clear difference 
between the two treatment groups on this theme. 
Looking at the sub-themes, the students' responses to the open-ended questions and their 
written comments echoed the quantitative findings: for example, 24 clinical PBL students 
said that they were confident in passing exams, compared to 18 clinical LBC students. This is 
in line with the quantitative results, as clinical PBL students achieved a higher mean score on 
exams than clinical LBC students. Similarly, clinical PBL students achieved a higher mean 
score on problem-solving skills than clinical LBC students. Again, the students' responses 
were in line with these quantitative results, as 8 clinical PBL students said that their problem- 
solving skills had been developed, while clinical LBC students mentioned this only twice. 
Finally, 21 clinical LBC students said that they found the experience useful for their career, 
compared to only 10 clinical PBL students. 
On the other hand, 13 clinical PBL students said that the teaching stimulated student 
learning, while this was the case for only 3 clinical LBC students. 
This echoes the 
quantitative results, which show that clinical PBL students achieved a 
higher mean score on 
motivation than clinical LBC students. 
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16 clinical PBL students said that the atmosphere made students relaxed, while this was true 
for only 7 clinical LBC students. Furthermore, whilst 15 clinical PBL students said that they 
were able to ask questions, only 7 clinical LBC students agreed with this. 
Table 6.17 Clinical students' responses to open-ended questions by treatment group/gender 
Number of times 
mentioned 
LBC PBL 
Gender Gender 
Major themes and sub-themes F M F M 
Student's The teaching stimulated the student learning 3 0 9 4 
perception of The teaching encouraged the student to be an active learner 2 7 8 4 
learning The teaching developed student competence 2 0 0 0 
Total 7 7 17 8 
Student's The tutors were authoritarian 0 0 0 0 
perception of The tutors provided constructive criticism 3 0 0 4 
tutors The tutors had good communication skills 3 5 4 4 
Total 6 5 4 8 
Student's The student was confident about passing the exam 11 7 8 16 
academic self- 
perceptions 
The student's problem-solving skills were developed through this 
method 
0 2 0 8 
The student found this experience useful for their career 9 12 5 5 
Total 20 21 5 13 
Student's 
perception of 
The atmosphere made the student relaxed by using this method in the 
class 
4 3 13 3 
atmosphere The atmosphere helped the student to understand 14 12 0 5 
The student was able to ask questions whenever they wanted to 3 4 5 10 
Total 21 19 18 18 
6.20.2 Clinical tutors' responses to open-ended questions 
This section will now look at the responses of clinical tutors to the open-ended questions, 
which are shown in table 6.18. On the whole, there were 9 mentionings 
by clinical PBL 
tutors, and 8 by clinical LBC tutors. Looking at the individual statements, clinical 
PBL tutors 
mentioned understanding of the subject matter twice, while clinical 
LBC tutors mentioned it 
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just once. Clinical PBL tutors mentioned commitment with respect to group functionality 3 
times, while clinical LBC tutors mentioned it 6 times. Clinical LBC tutors mentioned 
confidence in learning method just once, while clinical PBL tutors mentioned it 4 times. 
Overall, there is little difference between the treatment groups. This confirmed the 
quantitative results, as no difference was observed between the treatment groups on the 
tutors' perception of the learning method. 
Table 6.18 Tutors' responses to open-ended questions by treatment group 
Number of 
times 
mentioned 
Themes LBC PBL 
The tutor shows understanding of the subject matter 1 2 
The tutor shows commitment with respect to group functionality 6 3 
The tutor shows confidence in the learning method being used 1 4 
The tutor shows capability of using their expert knowledge 0 0 
Total 8 9 
The breakdown of the statements with respect to gender within each treatment group does not 
reveal any differences between treatment groups (as shown in table 6.19). 
Table 6.19 Tutors' responses to open-ended questions by treatment group / gender 
Teaching Method 
LBC PBL 
Gender Gender 
Themes Female Male Female Male 
The tutor shows understanding of the subject matter 
1 0 2 0 
The tutor shows commitment with respect to group functionality 
2 4 3 0 
The tutor shows confident in the learning method being-ýsed 
-1 0 0 4 
The tutor shows capability of using their expert knowledge 
0 0 0 0 
Total 4 
4 5 4 
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6.21 Hypotheses revisited for clinical students 
In Chapter Two, fourteen hypotheses were stated regarding learning and affective 
behavioural differences between Saudi undergraduate clinical medical students using PBL 
and those following a more traditional approach (LBC). These hypotheses were considered in 
tum. 
Hypothesis 1: It was hypothesil zed that students taught in PBL would have higher scores in 
examinations than students taught in a lecture-based format. This hypothesis was not 
supported. The findings indicate that clinical PBL students achieved higher scores in human 
genetics examinations than clinical LBC students, with a mean value of 0.03 compared with - 
0.03. However, the result was not statistically significant (t=-0.48, p=0.63; see table 6.22). 
Hypothesis 2: It was hypothesized that students taught in PBL would have a better 
awareness of their genetics knowledge requirement than those taught in a lecture-based 
format. This hypothesis was supported. The results indicate that clinical PBL students have a 
better awareness of their genetics knowledge requirement than clinical LBC students, with a 
mean value of 1.19 compared with -0.23. This was found to be statistically significant 
(t=19.50, p=0.01). The effect size was 2.46 (see table 6.22). 
Hypothesis 3: It was hypothesized that students taught in PBL would have better problem- 
solving and critical thinking skills than students taught in a lecture-based fonnat. This 
hypothesis was supported. The results indicate that clinical PBL students did have better 
problem-solving and critical thinking skills than clinical LBC students, with a mean value of 
1.24 compared with -0.37. This was found to be statistically significant 
(t=-19.11, p=0.01), 
with an effect size of 2.43 (see table 6.22). 
Hypothesis 4: It was hypothesized that students taught in PBL would 
have a higher capacity 
of knowledge retention (reflection) than those taught in a 
lecture-based format. This 
hypothesis was supported. Analysis of the data indicates that clinical 
PBL students did have a 
higher capacity of knowledge retention (reflection) than clinical 
LBC students, with a mean 
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value of 1.25 compared with -0.40. This was found to be statistically significant (t=-20.12, 
p=0.01), with an effect size of 2.53 (see table 6.22) 
Hypothesis 5: It was hypothesized that students taught in PBL would have better motivation 
than those taught in a lecture-based format. This hypothesis was also supported. Again, 
analysis of the data indicates that clinical PBL students did have better motivation than 
clinical LB C students, with a mean value of 0.40 compared with -0.19. This was found to be 
statistically significant (t=-5.02, p=0.01), with an effect size of 0.63 (see table 6.22). 
Hypothesis 6: It was hypothesized that students taught in PBL would have more confidence 
in conducting self-directed learning than those taught in a lecture-based format. This 
hypothesis was supported. Analysis of the data indicates that clinical PBL students did have 
more confidence in conducting self-directed learning than clinical LBC students, with a mean 
value of 1.23 compared with -0.39. This was found to be statistically significant (t=-20.08, 
p=0.01), with an effect size of 2.54 (see table 6.22). 
Hypothesis 7: It was hypothesized that students taught in PBL would be generally more 
preparedfor each session than those taught in a lecture-based format. This hypothesis was 
supported. Analysis of the data indicates that clinical PBL students did have a higher level of 
preparation than clinical LBC students, with a mean value of 1.17 compared with -0.25. This 
was found to be statistically significant (t=-18.42, p=0.01), with an effect size of 2.33 (see 
table 6.22). 
Hypothesis 8: It was hypothesized that students taught in PBL would be less likely to be 
confused, frustrated or stressed when learning about medicine than students taught in a 
lecture-based format. This hypothesis was not supported. On the contrary, clinical LBC 
students had a slightly higher mean score (-0.11) than clinical PBL students (-0.46). This was 
statistically significant (t=3.02, p=0.01); however, the effect size was just -0.38 (see table 
6.22). 
Hypothesis 9: It was hypothesized that students taught in PBL would 
be less likely to be 
confused, frustrated or stressed when working with patients than students taught 
in a lecture- 
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based format. As with hypothesis 8, this hypothesis was not supported. On the contrary, 
clinical LBC students had a slightly higher mean score (-0.05) than clinical PBL students (- 
0.42). This was statistically significant (t=3.15, p=0.01), although the effect size was just - 
0.40 (see table 6.22). 
Hypothesis 10: It was hypothesized that students taught in PBL would be less likely to be 
confused, frustrated or stressed regarding a careerfocusing on medicine than students taught 
in a lecture-based format. This hypothesis was supported. Analysis of the data indicates that 
clinical PBL students did have lower levels of frustration, stress and confusion than clinical 
LBC students, with a mean value of 0.89 compared with -0.08. This was found to be 
statistically significant (t=- 11.95, p=0.0 1), with an effect size of 1.52 (see table 6.22). 
Hypothesis 11: It was hypothesized that students taught in PBL would be less likely to be 
confused, frustrated or stressed regarding problems associated with medicine than students 
taught in a lecture-based format. This hypothesis was supported. Analysis of the data 
indicates that clinical PBL students did have lower levels of frustration, stress and confusion 
regarding problems associated with medicine than clinical LBC students, with a mean value 
of 0.36 compared with -0.40. This was found to be statistically significant (t=-7.22, p=0.01), 
with an effect size of 0.91 (see table 6.22). 
Hypothesis 12: It was hypothesized that students taught in PBL would have a better learning 
experience than those taught in a lecture-based format. This hypothesis was supported. 
Analysis of the data indicates that clinical PBL students did have a better learning experience 
than clinical LBC students, with a mean value of 1.21 compared with -0.23. This was found 
to be statistically significant (t=-20.12, p=0.01), with an effect size of 2.54 (see table 6.22). 
Hypothesis 13: It was hypothesized that students taught in PBL would be more competent 
in 
the use of resources available than students taught in a lecture-basedformat. 
This hypothesis 
was not supported. Analysis of the data indicates that clinical PBL students 
did have a higher 
competence of using resources of information available than clinical 
LBC students, with a 
mean value of 0.10 compared with 0.08. This was, 
however, not statistically significant (t=- 
0.19, p=O. 85; see table 6.22). 
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Hypothesis 14: It was hypothesized that PBL tutors would have a higher opinion of PBL 
methods than LBC tutors of LBC methods. This hypothesis was not supported. On the 
contrary, analysis of the data indicates that clinical LBC tutors had a higher perception of 
learning method than clinical PBL tutors, with a mean value of 0.85 compared with 0.06. 
This was not statistically significant, however (t=1.58, p=0.13) (see table 6.22). 
6.22 Pre Data 
As mentioned in chapter 5, some students switched from PBL to LBC and vice versa. It is 
therefore important to look at the pre data for clinical students to see how many moved. Table 
6.20 shows the students group membership pre and post intervention and it shows that a few 
did change group. 
Table 6.20 Number of students reporting membership of group 
Pre Intervention 
LBC PBL Total 
Post Intervention LBC 113 14 127 
PBL 15 110 125 
rotal 128 124 252 
The correlations between the pre and post measures are shown in table 6.21. They are all 
low 
and visual inspection of the scatter graphs showed satisfactuary relationships. 
Regression analyses were then used to produce residuals for the post measures controlling 
for 
the pre measures. The residuals were used to calculate effect sizes, which are compared 
in 
table 6.22. The effect sizes were calculated with no control. 
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Table 6.21 Correlation coefficients (r) between pre and post data for all subscales for 
clinical students and tutors 
Subscales r 
Fulfil knowledge requirement 0.11 
Problem-solving and critical thinking skills 0.15* 
Knowledge retention (reflection) b-. I 4 _* 
Motivation 0.03 
Self-directed skills 0.09 
Level of preparation 0.13 
Learning about medicine 0.08 
Working with patients 0.06 
Career focusing on medicine 0.03 
Problems associated with medicine 0.00 
Learning experience 0.18** 
Resources of information 0.09 
Tutors' perception of learning method -0.18 
** Sig at 1%; * Sig at 
Table 6.22 Comparing effect sizes from residuals and random assignment 
From Residuals Random Assignment 
Subscales Effect size Std Error Effect size Std Error 
Exam test total 0.06 0.13 
Fulfil knowledge requirement 2.40 0.17 2.46 0.17 
Problem-solving and critical thinking skills 2.30 0.17 2.43 0.17 
Knowledge retention (reflection) 2.37 0.17 2.53 0.17 
Motivation 0.63 0.14 0.63 0.13 
Self-directed skills 
Level of preparation 
Learning about medicine 
2.41 
2.22 
-0.42 
0.17 
0.17 
0.13 
2.54 
2.33 
-0.38 
0.17 
0.16 
0.13 
Working with patients -0.42 0.13 -0.40 
0.13 
Career focusing on medicine 1.48 
0.15 1.52 0.14 
Problems associated with medicine 0.88 
0.14 0.91 0.13 
Learning experience 2.22 
0.17 2.54 0.17 
0 02 0 13 
Resources of information 
0.03 0.13 . . 
Tutors' perception of learning method -0.78 
0.48 -0.79 0.50 
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As with the pre-clinical analyses, the effect sizes were very similar with and without control 
of some degrees in the magnitude after regression. These degrees were very small however, 
and therefore the conclusion reached earlier remains the same. For the pre data, see Appendix 
E 
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Section IV: Results and Data Analysis 
Chapter Seven 
Summary of Research Findings 
Chapter Seven 
Summary of Research Findings 
7.1 Introduction 
Chapters Five and Six analysed in depth the results gathered from pre-clinical and 
clinical students respectively. In this chapter, the results will be considered together 
and the differences between pre-clinical and clinical students examined. 
7.2 Summary of results from pre-clinical students 
The major findings of the results are shown below: 
Pre-clinical LBC students scored significantly higher marks in human 
genetics examinations than pre-clinical PBL students. 
Pre-clinical LBC students had a significantly better awareness of their 
genetics knowledge requirement than pre-clinical PBL students. 
Pre-clinical LBC students had significantly better self-reported opinion of 
problem-solving and critical thinking skills than pre-clinical PBL students. 
Pre-clinical LBC students had a significantly higher capacity of knowledge 
retention (reflection) than pre-clinical PBL students. 
Pre-clinical LBC students were significantly more motivated than pre- 
clinical PBL students. 
Pre-clinical LBC students were significantly more confident in conducting 
self-directed learning than pre-clinical PBL students. 
Pre-clinical LBC students showed a significantly higher level of 
preparation than pre-clinical PBL students. 
Pre-clinical LBC students had a significantly better learning experience 
than pre-clinical PBL students. 
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Pre-clinical LBC students showed significantly lower levels of frustration, 
stress and confusion than pre-clinical PBL students with regards to a career 
focusing on medicine. 
e Pre-clinical LBC students showed a more positive attitude to the problems 
associated with medicine than pre-clinical PBL students. Their attitude 
was significantly different. 
The results below are those that did not reveal a significant difference between the 
pre-clinical LBC and PBL students/tutors: 
9 Pre-clinical LBC students like working with patients than pre-clinical PBL 
students; however, the result was not significant. 
9 There was no different between pre-clinical LBC and PBL students on 
leaning about medicine. 
9 Pre-clinical LBC students showed a higher degree of competence when 
using learning resources than pre-clinical PBL students. However, no 
significant differences were apparent. 
9 Overall, there was no significant difference between treatment groups in 
the tutors' perception of learning methods. 
Figure 7.1 brings out the differences between the two treatment groups. Notice that 
across all subscales, the mean score from LBC students is higher when compared to 
that of PBL students. This is also true when we look at the tutors. Note, however, that 
for the following subscales: learning about medicine, working with patients, the 
problems associated with medicine and resources of information, the differences are 
not very noticeable. 
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7.3 Summary of results from clinical students 
The major findings of the results are shown below: 
Clinical PBL students scored higher marks in human genetics 
examinations than clinical LBC students. This was not significant. 
Clinical PBL students had a significantly better awareness of their genetics 
knowledge requirement than clinical LBC students. 
e Clinical PBL students had significantly better self-reported opinion of 
problem-solving and critical thinking skills than clinical LBC students. 
e Clinical PBL students had a significantly higher capacity of knowledge 
retention (reflection) than clinical LBC students. 
9 Clinical PBL students were significantly more motivated than clinical LBC 
students. 
9 Clinical PBL students were significantly more confident in conducting 
self-directed learning than clinical LBC students. 
e Clinical PBL students showed a significantly higher level of preparation 
than clinical LBC students. 
* Clinical PBL students showed significantly higher levels of frustration, 
stress and confusion than clinical LBC students with respect to: 
o learning about medicine 
o working with patients. 
* Clinical PBL students showed significantly lower levels of frustration, 
stress and confusion than clinical LBC students with respect to: 
o problems associated with medicine 
oa career focusing on medicine. 
o Clinical PBL students had a siginificantly better learning experience than 
clinical LBC students. 
Clinical PBL students showed a higher degree of competence when using 
learning resources than clinical LBC students. However, no significant 
differences were apparent. 
0 Overall, there was no significant 
difference between treatment groups in 
the tutors' perception of learning methods. 
236 
Figure 7.2 brings out the differences between the two treatment groups. Notice 
that across most subscales the mean score from PBL students is higher compared 
to that of LBC students. However, this is not true when we look at the following 
subscales: learning about medicine, working with patients and tutor perception. 
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7.4 Major findings for pre-clinical and clinical students 
Combining the results of the analyses from both pre-clinical and clinical students, the 
major findings of this research are: 
On all of the measures, pre-clinical PBL students' scores were lower than 
clinical PBL students. 
Pre-clinical PBL students' examination scores were lower and 
significantly different from those of the pre-clinical LBC group. Clinical 
PBL students scored higher than clinical LBC students; however, the 
difference was not significant. 
* There were no significant differences apparent between PBL and LBC 
groups regarding their competence in using learning resources. 
* Perceived fulfilment of learning expectations was significantly lower for 
pre-clinical PBL students than for clinical PBL students. 
e Overall, there was no significant difference between treatment groups in 
the tutors' perception of learning methods. 
Figure 7.3 shows the Effect Sizes for the impact of PBL for pre-clinical and clinical 
students across all measures. Notice that for most measures, clinical students are 
above zero - unlike the pre-clinical students. This indicates that most of the 
hypotheses in the research were supported for clinical and unsupported for pre- 
clinical students. Table 7.1 summarizes the hypotheses and shows that none of them 
were supported for pre-clinical students, while nine were supported for clinical 
students. 
For the hypotheses that were supported for clinical students, effect sizes were very 
large between the treatment groups. In fact, they ranged from a minimum of 1.52 to a 
maximum of 2.54 - except for motivation and problems associated with medicine, 
where the effect sizes were 0.63 and 0.91 respectively. 
For pre-clinical students none 
of the hypotheses were supported, i. e. LBC students performed 
better than PBL; and 
there were significant differences with effect sizes ranging 
from a minimum of -1.92 
to a maximum of -0.28. Therefore, the 
differences between treatment groups are more 
noticeable for clinical students than for pre-clinical students. 
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As aforementioned, the effect sizes found in this study are generally very large (large 
effect size being over 0.80, as stated by Coe (2000)). The large effect sizes might 
appear to result from self-rating of perception. It is possible that groups of students 
get together and that their experience forms a generalised view which translates to the 
large effect sizes observed in this study. 
Table 7.1 Hypotheses supported or unsupported for pre-clinical and clinical students 
Hypotheses Pre-Clinical Students Clinical Students 
(See Chapter 2.7) Supported Supported 
1 No No 
2 No Yes 
3 No Yes 
4 No Yes 
5 No Yes 
6 No Yes 
7 No Yes 
8 No No 
9 No No 
10 No Yes 
11 No Yes 
12 
13 
14 
No 
No 
No- 
Yes 
No 
No 
Data analysis from the pre data was generally in disagreement with the 
findings from 
the post data, as mentioned in chapter 5 and chapter 6 for pre-clinical and clinical 
students respectively. The level of effect sizes observed 
is also dissimilar within the 
different treatment groups. This enhanced the findings and strengthened the case 
for 
the intervention particularly as some students switched from PBL to 
LBC; some tutors 
ignored the research protocol and chose which method to teach. 
See Appendix E for 
details. 
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7.5 Summary 
In this chapter, the quantitative and qualitative findings raised through the six 
instruments used in the study have been examined and the results discussed. 
In the next chapter, the unanticipated findings of the study will be discussed in 
relation to Margetson's (1999) notion of a "misconception" which separates 
understanding from action. The phenomena of "rigorous PBU and "transitional semi- 
PBU will also be described. 
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Section V: Discussions 
Chapter Eight 
Discussion 1: Understanding Problem-Based 
Learning in the Light of the Study Results 
Chapter Eight 
Discussion 1: Understanding Problem-Based Learning 
in the Light of the Study Results 
8.1 Introduction 
The previous chapter summarized the results of this study. On the basis of previous 
research (reviewed in Chapter Three) it was thought that the introduction of PBL as a 
method for teaching in Saudi Arabia would have led to more positive findings. Indeed, it 
was surprising in this study to find that on all of the measures, pre-clinical PBL students' 
scores were lower than clinical PBL students. 
In light of expectations that PBL might be a useful innovation to introduce at Saudi 
colleges of medicine, the results could be seen as being disappointing. Yet whilst pre- 
clinical students didn't have high opinions of PBL, it was significantly valued by clinical 
students. 
This chapter attempts to explain the findings of this study regarding pre-clinical PBL 
Saudi students' experience in the light of existing debates. It will then outline 
Margetson's arguments regarding "rigorous PBU and "transitional sen-ii-PBL", to help 
discern which other educational factors might be operating in PBL programs and to 
suggest how these courses might be improved. The chapter begins by analysing the 
weaknesses of the current curriculum in Saudi Arabia. 
8.2 Why pre-clinical students are not in favour of PBL 
In the Saudi colleges of medicine, the current curriculum is lecture-based or 'traditional' 
and has attracted considerable criticism. It describes a conventional, 
didactic and lecture- 
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driven book-based system in which information is derived from rote learning and 
disseminated to students; it is authoritarian and hierarchical in tone. 
Anecdotally, Saudi pre-clinical students are unprepared, almost to the point of hostility, 
for PBL because it involves a lot of preparation and reading-around the subject, a practice 
which a conventional, time-critical curriculum cannot accommodate in the early stages. 
In the clinical stages, however, the students value the PBL interventions more highly. 
This may in part be due to the working environment for clinical students, which is 
radically different to that of pre-clinical students and involves working on wards where 
teaching is 'unconventional', including bedside teaching, small-group examinations and 
the preparation of short and long case presentations. 
Yet this explanation does not seem sufficient to explain the differences in outlook 
between pre-clinical and clinical students entirely. Unfortunately, many previous studies 
have tended to focus only on clinical students, omitting to consider differences in 
perception of PBL between these and pre-clinical students. Studies quoted in Colliver 
(2000) and Norman (2007) pertaining to the efficacy of PBL interventions deal with 
clinical students who have already made the transition from the lecture theatre to the 
ward and have hence become used to a less formal, though equally didactic, environment. 
It may be that this sparks the 'context activation' that O'Neill (2002) speaks of; that of 
associating knowledge with first a place (the hospital) and then later with the case (the 
patient). 
The transition from the lecture theatre to the ward may also be the start of the 
internalization of Eraut's six knowledge categories, in what could be described as "an 
environmentally- initiated quasi-spiritual change from the familiar formalism and 
hierarchical environment of the classroom to the unfamiliar but equally formalist 
hierarchical structure of the ward ... more, where the medical student 
is definitively at the 
bottom of the power structure" (Fish and Coles, 2005: 94) This experience may spark 
elements of internal conflict and the need to differentiate oneself 
from one's fellows: a 
feeling of, 'I have to prove myself or I will be laughed at'. 
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Furthermore, the experience Of coping on a ward, finding one's way and developing 
one's place in a new and challenging environment may cause new chains of association 
to develop, though this Particular approach to the issue has not yet been examined 
Smits et al. (2002: 13) conclude: 
"There was no consistent evidence that PBL is superior to other educational strategies in 
improving doctors' knowledge. The reviews themselves therefore provide contradictory 
evidence about the effects of different kinds of PBL in different learning contexts. " 
Problem-based learning acts as an intervention which requires the student practitioner to 
make an effort and learn for themselves. This may well be unpopular with Saudi pre- 
clinical students because it also conflicts with the complex mixture of educational 
theories, philosophies, practices and ideologies. As O'Neill (2002: 236) points out, 
"Students felt there was a conflict between the teaching and learning agendas that they 
had to learn to negotiate to make the links between their PBL cases and clinical 
experiences. " 
Dolmans (2005) points out that previous research shows problems in three areas of PBL. 
Firstly, he finds that the problems used are too often not real, i. e. paper-based - what 
O'Neill (2002) calls 'vignettes' - too well-structured, close-ended and simple, whereas 
real patients are none of these things. Furthermore, Dolmans claims that the tutors are too 
dominant, didactically informing students rather than guiding them so as to help them 
find the information for themselves. Indeed, in the current study, 14 of the pre-clinical 
PBL students found the facilitators authoritarian; this was in fact contrary to our 
expectations and to Barrows's claims (1988). Dolmans further states that PBL tutorial 
groups are "dysfunctional": apathetic, cynical about the whole idea of PBL, unprepared 
for sessions, lacking motivation, without cohesion, and so forth. He concludes (2005: 
735): 
"These problems usually stem from a poor interpretation of PBL and hence that the 
learning process does not stimulate students towards constructive, self-directed, 
collaborative and contextual learning. " 
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As a result of poor interpretation, so-called PBL curricula have often failed to fully 
satisfy PBL criteria. Margetson (1999) refers to this sort of curriculum as 'transitional, 
semi -problem-b ased' rather than rigorously problem-based. 
Certainly, without some form of change, Margetson's idea of the "Misconceived" 
separation of understanding from action is more likely to be repeated by students guided 
by tutors who don't really understand what PBL is or how to apply it. Attempts to avoid 
the issue by developing curricula resulting in 'semi-problem based' rather than 
firigorously problem-based' learning may compound the problem. 
It is also the case that, in large-scale meta-analyses of experiments, there have been 
results which do not appear to have been predictable by the methodology. Much of the 
current debate hinges not on the idea of PBL but on the form of the experimental design 
methodology and the consequent reliability of interpretation. 
Lastly, I consider that the underpinnings of PBL as an educational innovation are unclear. 
This represents a further uneasy compromise between the ideas underlying PBL 
interventions which aim to make the learning environment more interesting for the 
student and hence enhance knowledge retention, and the mechanistic requirements of 
skills laid down by the various certifying boards or colleges of medicine worldwide. The 
2002 conference 'Saudi Medical Education: Future Perspectives' (as reviewed in Chapter 
One) identified the following as crucial factors in the need for curriculum revision: 
An overcrowded curriculum 
Over-representation of some subjects 
Presence of non-relative subjects 
Disassociation between basic and clinical sciences 
Repetition of lectures and examinations 
e need for new subjects of clinical relevance. 
Most of these criticisms have also been made by the General 
Medical Council (1993) 
with regard to traditional curricula 
in the UK. 
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8.3 PBL as educational innovation 
PBL is one of several innovative approaches to medical education, and Barrows (1980) 
was the first to indicate in depth the rationale for it. Barrows has described "a 
fundamental postulate" of this approach, which is that professional education should be 
"effective for creating in a student's mind a body of knowledge usable in the future" 
(1980: 20). 
However, there have been dissenting voices in previous literature. Rolfe et al. (1997: 265) 
put forward the following ideas, from first-hand experience of PBL as a student: 
"Understanding alone is insufficient ... knowledge must be applied and translated into 
action... the medical course at Newcastle had given me an enthusiasm for my future 
learning and the desire to maintain the change in medical education. " 
Margetson (1999) asks two major questions in order to understand the postulate of Rolfe 
et al. (1997) and how PBL relates to it: "Does problem-based learning satisfy this 
postulate, and does problem-based medical education represent an improvement on 
traditional medical education? " (1999: 359), and challenges Rolfe, claiming that "if we 
misunderstand how to achieve a valuable aim and therefore go about it in the wrong way, 
we may defeat the achievement of the very aim that we seek" (1999: 360). 
Indeed, Margetson suggests that there is a powerful misconception of professional 
education (and of PBL in relation to it) which threatens the improvement of medical 
education (O'Neill et al 2002, Dornan et al, 2005). This "misconception" needs 
to be 
understood in some detail. 
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8.4 Margetson's "Misconception" 
8.4.1 Separating understanding from action 
Margetson (1999: 360) defines a "misconception" of "the separation of understanding 
from action", supporting this definition with the following example: 
"An individual may be able to understand a text without being able to act upon that 
understanding, or, more generally, it can be said that this same individual is full of 'book- 
learning' but unable to practise" (1999: 360). 
In relation to the present study, it could be that pre-clinical students might come to 
understand the genetics of the problem case they are studying, but it would negate the 
educational process if they were unable to act on that understanding, to use that 
understanding in practice. Seen in this way, Margetson's "misconception" applies not just 
to PBL but to any educational situation which separates understanding from the action 
that it is supposed to inform. This is a crucial criticism for medical educators to consider. 
In fact, the results of this study suggest that pre-clinical students were not only more 
negative than clinical students in their perceptions of PBL, believing their knowledge 
acquisition and ability to study independently to be compromised by it, but, more 
significantly, their examination grades were lower than the lecture-based students who 
were studying exactly the same material. There is, therefore, some question both about 
the understanding of the pre-clinical PBL students in this study, and the extent of the 
application of the curriculum intervention. 
In the setting of the present study (and according to Rolfe), the PBL intervention 
for pre- 
clinical students occurs as a three-stage process. First, the student learns to understand 
genetics from clinical cases that are presented in the form of 'problems' 
(i. e. on paper). 
Second, the student discusses these problems and tries to understand them. 
This stage 
was termed by Rolfe et al. (1997: 265) the "body of knowledge 
in the student mind", and 
is where the student is thought to 'activate prior knowledge' 
(Fish and Coles, 2005). In 
this stage, the student scans for new information, creates new 
hypotheses, sorts the 
hypotheses to activate existing knowledge, and develops learning objectives to 
direct the 
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gathering of new information in order to understand the problem. Tbird, the student 
applies the knowledge by "translating" it from theory into action through clinical 
application. 
Margetson illustrates, and begins to challenge, the three-stage process using the following 
example: 
"The student may, through reading a medical text, gain understanding of the nature of a 
sUrnple injury such as a minor cut. Gaining this understanding is regarded as a quite 
different process from the process of attending to an actual injury (which might involve 
covering the cut with a sticking-plaster), and relations between the two processes are 
attributed to a third process of internal mental 'translation' and 'application' of 
understanding in a particular action" (1999: 361). 
In the present study, we could translate this into questions such as: How does the 
facilitator know whether or not the students have understood the patient's problem? Does 
understanding the genetics of the problem mean that the clinical problem is understood? 
Will these students be able to apply their knowledge in a clinical setting? (Littlewood et 
al., 2005). In reality, these are difficult questions to find responses to and certainly the 
data from this study can only infer some answers rather indirectly. Nevertheless, the data 
does support Margetson in asking those questions. 
Margetson continues, "what we see applied is not the student's understanding" (1999: 
361). Rather: 
"We judge the extent to which the student understands the given situation by what the 
student can say and do. An appeal to separate internal processes of understanding, 
followed by further, separate processes of translation and application, contributes nothing 
to understanding action and practice, although, of course, associated internal physical 
processes certainly occur. Many internal physical processes are going on when we try to 
understand something, and it is important in medicine to understand these, 
but they do 
not give us the meaning of understanding. They underlie the actions and practices that we 
may wish to understand as actions and practices. We may also wish to understand 
underlying physical processes, and we may wish to understand the relation 
between these 
and actions and practices, but this is no reason to confuse one with the other. 
" (1999: 
361). 
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Margetson describes practical action as: 
"Intentional, not merely mechanical -a distinction illustrated by the point that an 
individual is not generally regarded as responsible for their actions if they were under the 
influence of hypnosis, or medication. This distinction may be signalled by referring to 
what individuals do intentionally, as action, while what they do under over-riding 
influences may be referred to more generally simply as behaviour" (1999: 361). 
8.4.2 Separating pre-clinical from clinical 
"In traditional curricula there was a general separation between the acquisition of 
knowledge of "basic" science in the pre-clinical early years, and clinical "application" in 
the later years" (Margetson, 1999: 362). 
This separation is also true, as Margetson (1999: 362) notes, of most PBL curricula: 
"A parallel separation occurred between the acquisition of "basic" science knowledge 
needed to solve a problem in the early years, and inquiry into solving the problem in the 
later years. " 
Indeed, this was the curriculum arrangement in the present study, whether for the 
problem-based or the lecture-based students. This separation of pre-clinical and clinical 
implies, in Margetson's terms "knowledge first, application second" (1999: 362). But 
this, in Margetson's view, is "misconceived" in its separation between understanding and 
action. In traditional curricula, "understanding is identified with a pre-clinical acquisition 
of "basic" knowledge in a context-free way, and action is identified with the "application" 
of the acquired knowledge during clinical practice" whilst in problem-based 
learning, 
11 understanding is identified with the acquisition of "basic" knowledge 
in the context of 
clinical problems, and action is identified with learning how to solve clinical problems 
later on during clinical practice" (Margetson, 1999: 362). 
8.4.3 Transitional semi-problem-based and rigorous problem-based curricula 
Margetson suggests that much of what is called problem-based 
learning is in fact what he 
would prefer to call "transitional semi-problem-based" rather 
than "rigorous problem- 
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based". One of the features of a "transitional semi-PBL" curriculum he describes as "the 
misconception that a problem is merely a curriculum device" (1999: 363). 
"in transitional semi-problem-based curricula problems are simply "convenient pegs" on 
which to hang the coat of 'basic' science knowledge which students need to acquire; 
much later, students will 'apply' the 'basic' knowledge in actual clinical situations during 
the clinical practice phase of their studies. Thus theory and application are separated. 
Understanding is associated with theory and application with practice in a reductionist 
view of the relation - reductionist in the sense that clinical practice is largely reduced to a 
matter of 'applying' scientific knowledge to clinical cases. " (1999: 363). 
However, Margetson (1999: 363) describes "rigorous" PBL as a "growing web" which 
occurs with the development of an integrated coherent whole of understanding, 
knowledge and skills in practice. He indicates that: 
"in medical education, the acquisition of knowledge occurs in intricate conjunction with 
learning how to solve clinical problems.... Medical problems are constitutive of medical 
practices, not merely instrumental Oust as other kinds of problem are constitutive of other 
kinds of practice). On the "growing web" conception the typical student's understanding, 
knowledge and skill are interrelated, forming a whole which develops in response to 
problems. At the beginning, this is of course a rudimentary, small whole, but it is a whole 
nonetheless. Throughout the course of study, the inter-related whole of understanding, 
knowledge and skill grows to approach that of a competent professional practitioner - 
and the quality of a curriculum is judged in terms of the extent to which it either helps or 
abandons students in their efforts to attain such competence. " 
Using this analysis, it seems reasonable to suggest that the PBL offered to the pre-clinical 
students, although well intentioned as an appropriate innovation, was in practice no more 
than 'transitional semi-PBL' (Doman et al, 2005, Doman, Hadfield et al, 2005), and 
hence had problems which were not merely associated with a new innovation, 
but also 
may not have been well understood by its tutors and facilitators. 
Dolmans (2005: 735- 
737) points out that 
"what is needed in PBL is transition ftom tutor regulation or external guidance ... to 
student regulation or internal guidance ... the 
best tutor knows how and when to intervene, 
and has the student's learning as his top priority". 
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8.4.4 Success and failure in conventional and problem-based curricula 
Margetson (1999: 364) notes that the weaknesses of conventional curricula (as seen in the 
Saudi colleges of medicine, and those referred to by the GMC in 1993): 
"Are significantly reduced in the transitional semi-problem-based kind of course; but 
they remain very influential none the less, for they continue to reflect thinking and 
practice in terms of the generative misconception which was also central to the traditional 
curriculum. " 
Margetson sees three failures resulting from separating understanding and action, and 
considers these to be as true for transitional semi-problem based learning as in 
conventional curricula: 
"Firstly, it is atomistic in regarding the pre-clinical phase and the clinical phase as two 
distinct parts, brought into relation through the mechanical notion of 'application'. In 
some PBL curricula, the two phases are not formally nairned pre-clinical and clinical (as 
they often are in the traditional curriculum) but the reality of the practice shows that the 
division is present - and informal discussion in these terms is not uncommon. Secondly, 
it is atomistic in conceiving the two phases as quite separate in nature, the one being 
theoretical and the other practical, with associated tensions of the kind rife between 
different 'academic tribes and territories' (Becher, 1989). And thirdly, it is atomistic in 
seeing the pre-clinical phase as an absolutely secure foundation on which clinical practice 
rests, following discredited foundationalist views of knowledge" (1999: 363). 
But this raises the question; if the Margetson "misconception" can be seen in PBL 
curricula that retain the separation of understanding and action, why is it that many 
studies of PBL (reviewed in Chapter Three) have indicated some success? And related to 
this, why did the clinical PBL students in the present study show some (limited) 
educational gains over the lecture-based students and indicate more of a preference 
for 
PBL than pre-clinical students? It may be that the clinical PBL was more realistic than 
the pre-clinical PBL, in that clinical PBL students already 
have clinical training within 
their curriculum, while pre-clinical students are not. 
(In passing, we might note that PBL 
tutors were enthusiastic about 
it too, and this requires some explanation). 
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It is likely that where PBL "works" (that is, where it shows some gains over conventional 
curricula) it does so because other educational factors are operating. All the research thus 
far is clear on this point: the disagreement is exactly what other factors are operating. The 
experimental design is not intended to capture this, but the additional data does throw 
some light on the issue. 
Where PBL has been shown to be "successful" elsewhere with pre-clinical groups, this 
could be because students applied what Coles (2000) called "deep processing" - they 
attempted to understand what they were learning. While this could be considered 
educationally sound, and an advance on conventional curricula which have been shown 
to induce "surface processing", (Fish and Coles, 2005) pre-clinical PBL might still fail to 
provide students with 'understanding' that could be used in action. Thus, while there 
might be an inu-nediate educational benefit, there could be little longer term benefit when 
these students subsequently entered the clinical phase (Littlewood et al, 2005, Colliver 
2000). The studies of such curricula are quiet about how well PBL pre-clinical 
knowledge is used in the clinical years and in medical practice later; a long-term follow- 
up on students from such PBL courses would be unusual. 
Colliver (2000) and Newman (2006) appear to suggest that there is no long-term 
advantage in knowledge retention in PBL as compared to traditional training courses. In 
the case of the clinical PBL group in the present study, where there were some positive 
findings, it could be that the students made connections between the paper-and-pencil 
problems of the PBL teaching and their own first hand experience of similar clinical 
situations which they were now encountering themselves. The same might 
be occurring 
for the tutors. It could be that they were able to see the relevance of what the students 
were learning (even when the students were unable to see 
it) because they too could 
relate it to their own practical experience, all of which paradoxically 
supports the 
Margetson analysis (Prince et al., 2005). 
It seems reasonable to suggest that 
in this study, the PBL arrangement for the pre-clinical 
students failed educationally 
because, like any transitional semi-PBL curriculum, it 
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segregated understanding from action. Whilst this is also true for LBC, pre-clinical PBL 
students suffered more greatly from this segregation because they were not prepared for 
tackling cases, not yet having been exposed to clinical training. For clinical students, 
however, where the PBL arrangement succeeded, this was because, like rigorous PBL, it 
created the educational conditions needed to develop in the students' and tutors' minds a 
growing web of understanding in the action of clinical practice. 
8.5 Summary 
In this chapter, an attempt has been made to explain the unexpected results of this study 
have been explained in terms of Margetson's "misconception", in which many 
educational programs, including what he calls "transitional semi-problem-based 
curricula", separate understanding from action. Rather than providing "a convenient peg" 
on which to hang the so-called basic sciences, clinical problems should (in Margetson's 
view) be a significant part of a "growing web" of knowledge, which would render what is 
learned usable in later clinical practice. The circumstances behind the poor performance 
of Saudi pre-clinical students have been outlined, and an explanation attempted, in light 
of the available literature and of Margetson's arguments. 
It is a logical, though unproven, assertion that the pre-clinical students, products of an 
authoritarian and didactic school environment from primary school to university, react 
with hostility, expressing disinterest and withdrawal regarding an innovation which puts 
success or failure on their shoulders by emphasizing personal work, and that their tutors 
either insufficiently understood the PBL requirements or were either over- or under- 
involved. It is a logical, though unproven, assertion 
from the evidence and literature 
available that clinical students, whose exposure to the ward environment requires 
them to 
work more individually (though no 
less collaboratively) would be more attracted to this 
form of teaching and that their tutors/mentors, 
burdened with their own clinical 
responsibilities, would be unable 
to intervene at more than arms length or with any 
regular timetabling. 
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Both these assertions are logical and, in light of the debate in educational circles on this 
subject, also credible as points of initiation for research, but like everything related to 
PBL, they require more directed research to prove. 
In the next chapter, the work of other educational writers is reviewed in relation to their 
support of Margetson's argument regarding the relationship between understanding and 
action. 
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Section V: Discussions 
Chapter Nine 
Discussion 11: SuPporting Arguments of Other 
Educational Writers 
Chapter Nine 
Discussion 11: Supporting Arguments from Other 
Educational Writers 
9.1 Introduction 
In Chapter Eight, Margetson's work (1999) provided some explanation for the results 
of this study. He described a fundamental "misconception" in education, which 
separates understanding (theory) from action (practice) which even occurs in some 
forms of PBL. The educational experience of the pre-clinical students in the present 
study fits with what he called "transitional semi-PBL" which he suggested is 
educationally no different from the traditional or lecture-based method (LBL) in the 
way it separates understanding from action. On the other hand, the clinical PBL 
students experienced a more rigorous form of learning, probably because by then they 
had gained more first hand clinical experience (action) to which they could relate their 
understanding of genetics. 
In this chapter, the notion of there being a "misconception" is recast as two questions: 
What is the relationship between theory and practice? 
How ought this relationship to become a basis for professional education? 
In passing, it should be noted that the first question is essentially a theoretical one 
(with some practical implications) while the second one is essentially practical (with, 
of course, theoretical implications). Relevant arguments 
by other educational writers 
are examined in this chapter, in order to 
detennine what support exists for 
Margetson's views. 
9.2 What is the relationship between theory and practice? 
Golby and Parrott (1999: 
59) note that "practice is an abstract noun whose verb form 
is practise. Thus practitioners practise 
and what they practise is a practice. " It could be 
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said in much the same way that "theory" is an abstract noun whose verb is "to 
theorise". Thus, to paraphrase Golby and Parrott, theorists theorise, and what they 
theorise about is theory. So, when talking about the relationship between theory and 
practice, there are two ideas of each: 44practise" as a verb and "practice" as a noun, 
and "theorise" as a verb and Aheory9 9 as a noun. 
According to Golby and Parrott, s (1999) definition, "practice exists whenever a more 
or less settled body of activities is carried on to some distinctive end" (1999: 7). This 
is true not only of doctors (and teachers), but also of footballers (in that football is a 
more or less settled body of activities carried on to some distinctive end). But for 
Golby and Parrott, professional practice should be thought of as more than skilled 
performance. This view is supported by MacIntyre (1981), who defines practice (in 
medicine? ) as: 
"Never just a set of technical skills... What is distinctive of a practice is in part the 
way in which conceptions of the relevant goods and ends which the technical skills 
serve - and every practice does require the exercise of technical skills - are 
transformed and enriched by those extensions of human powers and by that regard 
for its own internal goods which are partially definitive of each particular practice" 
(1981: 81). 
Freidson (197 1), in discussing the nature of a professional, suggests: 
"The kind of work they do is believed to be especially important for the well-being of 
individuals or of society at large, having a value so special that money cannot serve 
as its sole measure... " (1994: 200). 
This concept moves towards what Carr (1995) defines as a "moral 
dimension" of 
professional practice within the caring professions, 
introducing the notion of human 
welfare and of practice as a moral endeavour, 
i. e. for the good of the other person 
(Tallis, 2005; De Cossart and Fish, 2004). 
In examining Aristotle's theories about practice, 
Caff (1995) suggests that it has two 
forms; one in which something is made and one 
in which something is done. He talks 
about how at the end of techne 
(technical knowledge), an object is produced, but the 
result of praxis (doing something) comes 
the realisation of some worthwhile good: a 
moral endeavour. He considers 
there to be a distinction not between theory and 
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practice, but between two kinds of practice, which will have different forms of theory 
associated with them. This both supports and develops further Margetson's (1999) 
view of the separation of understanding from action that often occurs in education and 
can leave an individual knowledgeable but unable to practise. Carr considers that 
theory is formed in and through practice, not separate from it and certainly not prior to 
it. 
Golby and Parrott (1999: 9) think of practice as a tradition of conduct: "A tradition of 
conduct itself is made up of contemporary practitioners who are in turn related to 
predecessors who have bequeathed their practice"; Carr adds that medicine and 
education are part of their own distinctive traditions of practice but, because they deal 
with worthwhile things and are moral endeavours, practitioners cannot simply 
replicate the activity of their predecessors; instead, practice must remain open to some 
kind of critique: 
"The authoritative nature of a tradition does not make it immune to criticism. The 
practical knowledge made available through tradition is not mechanically or 
passively reproduced: it is constantly being reinterpreted and revised through 
dialogue and discussion about how to pursue the practical goods which constitute the 
tradition. " (1995: 69) 
For Carr (1995: 69), "it is precisely because it embodies this process of critical 
reconstruction that a tradition evolves and changes rather than remains static or 
fixed. " 
Thus a professional practice must encompass the notion of 'critical reconstruction'. 
As practitioners join a tradition of practice, they should not blindly accept what others 
do or unreflectively follow a set of rules (as they would when making objects); rather, 
they should critically reconstruct the traditions of practice for themselves. In this way, 
not only will their own practice be appropriate, but that of the profession as a whole 
will be rejuvenated. 
Taking this into consideration, the way in which the notion of theory fits with that of 
practice becomes clearer. The critical reconstruction Carr identifies as "practical 
reasoning" or "deliberation and judgement" is involved in becoming and being a 
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practice. but between two kinds of practice, which will have different forms of theory 
associated with them. This both supports and develops further Margetson's (1999) 
view of the separation of understanding from action that often occurs in education and 
can leave an individual knowledgeable but unable to practise. Carr considers that 
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practical knowledge made available through tradition is not mechanicallv or 
passively reproduced: it is constantly being reinterpreted and revised through 
dialogue and discussion about how to pursue the practical goods which constitute the 
tradition. " (1995: 69) 
For Carr (1995: 69). "it is precisely because it embodies this process of critical 
reconstruction that a tradition evolves and changes rather than remains static or 
Exed. ** 
Thus a professional practice must encompass the notion of 'critical reconstruction'. 
As practitioners join a tradition of practice, they should not blindly accept what others 
do or unreflectively follow a set of rules (as they Nvould when making objects); rather, 
they should critically reconstruct the traditions of practice for themselves. In this way. 
not only Nvill their own practice be appropriate. but that of the profession as a whole 
will be rejuvenated. 
Taking this into consideration, the way in which the notion of theory fits with that of 
practice becomes clearer. The critical reconstruction Carr identifies as -practical 
reasoning" or -deliberation and judgement" is involved in becoming and being a Cý 
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professional person. He insists it is practical, not technical, reasoning which is needed 
Technical reasoning will lead a person to become simply a craftsman, producing 
objects; however, to become a caring professional a deliberation of judgment is 
needed. 
This may be interpreted as a criticism of the current health care practice, which 
recommends that practitioners follow protocols instead of empowering professionals 
to make moral judgments. Carr recognizes the case for developing professional 
judgment: 
"Since the ends of a practice [in the caring profession] always remain indeterminate 
and cannot be fixed in advance, it always requires a form of reasoning in which 
choice, deliberation and practical judgement play a crucial role. This form of 
reasoning is, for Aristotle, distinguishable from technical forms of reasoning by 
virtue of its overall purpose and the structure of reasoning it employs. " (1995: 70). 
Doctors (and teachers) often face difficult situations which require them to use their 
judgment to resolve moral dilemmas Tor a doctor, an extreme example of this could 
be Siamese twins, joined by one liver: the surgeon, in conversation with relatives, 
must make the decision as to which one lives and which one dies. Aristotle stated that 
it is phronesis, 'practical wisdom' - "the knowledge of what is required in a particular 
moral situation" (Carr, 1995: 71) - which informs these kinds of difficult decisions, 
and that someone who has phronesis is the "phronimos" (the man of practical 
wisdom); the man 
"who sees the particularities of his practical situation in the light of their ethical 
significance and acts consistently on this basis. Without practical wisdom, 
deliberation degenerates into an intellectual exercise, and 'good practice' becomes 
indistinguishable from instrumental cleverness. The man who lacks phronesis may be 
technically accountable, but he can never be morally answerable. " (Carr, 1995: 7 1) 
Consequently, for Carr, the kind of education needed to produce doctors (and 
teachers) is based on the creation of phronimos: people with practical wisdom who 
can engage in praxis (ethically enlightened action). Carr, in agreement with 
Margetson, argues that there should be no division between theory and practice. For 
Carr, the question was not how to bridge theory and practice, but rather how to 
determine what kind of theory is related to what kind of action (if the action is praxis 
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then the theory needed is 'practical wisdom'; if the action is poeisis then technical 
knowledge is needed). Carr summarizes the relationship between theory and practice, 
by recognizing that they are: "mutually constitutive and dialectically related domains" 
(1995: 50). 
Theory is not "related" to practice except insofar as practice is at the same time 
related to theory. Rather, theory and practice co-exist - one cannot exist without the 
other. The process by which this occurs is 'practical reasoning' or, as Eraut (1994) 
puts it, the process of "theorising": by recreating knowledge in practice. Carr supports 
Margetson's notion of a misconception separating understanding from action and 
then, with reference to Aristotle's concept of moral endeavour as professional 
practice, develops the theory to encompass a need for practical reasoning. 
These discussions help to explain the findings of the present study. The pre-clinical 
students (even those who used PBL) failed to capture the nature of practice as a moral 
endeavour in the problems they studied. It seems that for them, theory was merely an 
academic pursuit, divorced from practice; whereas practice was treated as a technical 
process. The clinical PBL students, on the other hand, may have approached practice 
as a moral endeavour if they had firstly associated the problems with their own 
experience and secondly used "practical reasoning" alongside their existing 
experience to inform their responses. It is perhaps significant that the clinical 
students' motivation was 'intrinsic' (coming from within, and therefore more likely to 
be related to ethics) whilst the pre-clinical students' motivation was 'extrinsic' (more 
instrumentally orientated). 
9.3 How ought the relationship between theory and practice become a basis 
for professional education? 
9.3.1 Why is there a theory-practice split in professional education? 
The previous chapter noted how conventional undergraduate medical curricula (and 
many problem-based ones) separate (in Margetson's terms) understanding and action 
(theory and practice) as seen in the pre-clinical/clinical division of the course. Before 
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proceeding further we should speculate why theory and practice are separated in this 
way. 
Carr suggests that this split may be traced back to Plato and his notion of "perfect 
forms". a philosophical division that was adopted in Kant and Descartes' principles of 
"Dualism" (separating mind and body). Hence, one explanation for a pre- 
clinical/clinical split in the curriculum may be that the scientists involved consider 
that they are dealing with "pure"' knowledge that is necessarily decontextual, or 
"generalisable". Another reason for the division may be that of practitioners wanting 
to keep practice separate from theory because of the very mysteriousness, the 
ineffability, of professional action. Equally, it may be that an understanding of 
complex theory requires a sustained period of study, and that people have found that 
libraries, seminar room and the lecture theatre are the best places to do this, in so 
doing separating theory and practice. As aforementioned, professions are distinct from 
each other because of their 'traditions of practice'. 
Whatever the reasons for this separation of theory from practice, it has a significant 
and wide-reaching influence in medical education. Nevertheless, a number of 
educationalists have in recent years suggested ways of more closely relating theory 
with practice. Their contribution, already reviewed in Chapter Three, will be briefly 
summarized here so as to establish links with the previous discussion in Chapter 
Eight. 
9.3.2 Experiential learning model 
Barnett et al. (1987: 54) suggest a model of professional preparation which removed 
the division between theory and practice: 
1. Professional education consists of developing practical skills, being able to 
analyse and reflect on them, and being able to continue learning on an 
ongoing basis, and these are all inter-related 
2. Theory is a body of knowledge directly related to and illuminating practice 
3. Practical experience is of the highest importance, but must be accompanied 
by reflection and analysis 
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4. Academics need to address practical problems and be conversant with 
professional realities 
5. Practitioners need to be full partners in the enterprise of initial professional 
education 
Kolb (1984), Marisick & Watkins (1990) and Boud et al. (1983) challenge lecture- 
based case models of instruction, providing support for emphasis on experiential 
learning and hands-on experience within the curriculum. In particular, Kolb (1984) 
acknowledges that the ideal learning cycle is one where the student moves from 
concrete experience to observations and reflections, then through the formulation of 
abstract concepts and generalizations, and on to a stage of testing the implications of 
these concepts in new situations within the context of new experiences (see also 
Doman, 2006 and Doman et al., 2007). 
9.3.3 Reflective learning model 
Kolb (1984), Kilty (1982) and Freire (1972) note that experience alone is not 
sufficient to ensure that learning takes place. They place importance on the integration 
of new experience with old, through the process of reflection. In order to learn, it is 
necessary to be able to reflect on actions and to undertake some sort of critical 
appraisal of the findings. Here, the word 'critical' is used to denote the process by 
which students ponder, sift, analyse and evaluate: it should not be taken as meaning 
only 'to judge negatively'. 
Usher (1986a) emphasizes the role experience has as a major resource for learning, 
but views it not as a replacement for learning: 
"Courses based only on work experience suffer from the danger of becoming 
excessively technical in orientation and thus undesirably narrow in both curricular 
terms and in the doctor's personal development" (1986a: 125) 
Usher's joint work with Bryant (1987) argues for the need to bring together practice 
and theory, stating that practice can generate its own theory but theory may not 
necessarily be directed to practice, such that "we can see theory and practice as 
interactive and mutually enriching" (1986a: 126). 
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Usher (1986a) indicates how important reflection and activity are to learning, which 
in turn is informed by experience. Marsick & Watkins (1990) emphasize this 
relationship: "learning takes place through an ongoing dialectical process of action 
and reflection". 
Reflection can be a solitary, introspective act, or it can be a group process whereby 
sense is made of an experience through group discussion. If reflection as a group 
activity is to be successful, the teacher is required to act as a group facilitator. The 
skills associated with group facilitation differ from those associated with the usual 
process of teaching: the group facilitator takes a non-directive and non- authoritarian 
stance in relation to the students. In a reflective group, the teacher neither ascribes 
meanings to experience nor offers explanations, but allows and encourages the 
students to do these things for themselves. 
Examining how professional knowledge is created requires a wider view than merely 
examining the work of theorists. Eraut (1994: 21) states that knowledge is also created 
in a practice setting, albeit of a different kind than that created by theorists: 
"Moreover, in some professions nearly all new practice is both invented and 
developed in the field, with the role of academics being confined to that of 
dissemination, evaluation and post hoc construction of theoretical rationales. In 
others, knowledge is developed by practitioners 'solving' individual cases and 
problems, contributing to their personal store of experience and possibly that of their 
colleagues but not being codified, published or widely disseminated ... professional 
learning suggests that knowledge use and knowledge creation cannot be easily 
separated. The interpretative use of an idea in a new context is itself a minor act of 
knowledge creation, perhaps more original than one of the more derivative types of 
academic paper. Moreover, these two creation processes may not even be 
distinguishable because new practice rarely gets invented from scratch: ideas from 
the published literature usually have an influence somewhere even if it is not realised 
at the time. " 
Eraut (1994: 21) describes how: "theory is derived from practice by a process of 
reflection on, and theorising about, practical experience. " 
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9.3.4 Situated learning model 
Collins (1994: 54) declares that learning must be both situated and unsituated. He 
emphasizes the difficulties of situated knowledge in apprenticeship training as: 
"Things are usually taught in a particular context with no generality. So there is a 
flexibility problem; learners only learn to do things in one way and do not adapt 
easily to other methods. There is a learning problem; learners do not develop a global 
framework to organise their knowledge, and there is a transfer problem; learners do 
not learn how to apply their knowledge to new situations that look different from the 
context in which they learned. " 
The difficulties of unsituated knowledge, for Collins (1994: 55), are as follows: 
"The problem of unsituated knowledge is evident in most of the school curriculum. 
Things are taught out of the context of their potential use to students. So there is a 
motivation problem; learners often do not see the point of what they are learning. 
There is an inteMretation problem; learners have no idea how to apply much of what 
they learn to the problems that arise in their lives. And there is a retention problem; it 
is hard to remember abstractions, like how to add fractions, if one never uses the 
knowledge. " 
9.3.5 Contextual learning model 
Coles (1985b), in proposing what he calls a contextual learning model, furthers the 
above ideas in stating that the context becomes the starting point for the theory and 
that in turn, context leads to a better understanding of the information. Furthermore, 
information and skills can be integrated around practical issues, ensuring that real 
understanding is achieved and indicating that skills are achieved through gaining an 
understanding of their use in context. Coles describes a "contextual model" that is a 
means to achieving elaborated learning through three conditions: 
"Students must have an appropriate context for learning; they must be provided with 
or acquire information potentially relatable to that context; and they should have 
opportunities to so handle the information that they make the connections" (1985b: 
305). 
Coles argues that the type of learning students ought to be undertaking, especially 
when studying to enter a profession, is one which involves 'deep processing' (Fish 
and Coles 2005): students should understand the meaning of what they are learning. 
Studies have shown that 'surface processing' results in poor course performance, 
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although they have not clearly shown that 'deep processing' results in good course 
performance (Fish and Coles, 2005). 
Broadbent (1975) argues that the more links students have between the elements of 
knowledge learned, the easier it will be to recall and use that knowledge. This view is 
supported by Mayer (1979) and by various other authors writing in direct reference to 
medical education (Amin and Khoo, 2003: Dolmans et al., 2005; and Tan., 0., 2007). 
All the aforementioned theorists endorse the fact that the student will have a better 
ability to understand and solve problems if they have an "elaborated conceptual 
knowledge" and "access to an appropriately structured memory comprising a deep, 
rich knowledge" (Fish and Coles, 2005). 
Coles states that traditional methods of education do not often result in 'elaborated 
leaming' in students' pre-clinical training but that this has in the past been shown to 
exist after students had gained experience through clinical training. Patel and 
Dauphinee (1984) also find evidence of elaborated learning in students who had been 
retaught basic science whilst learning within a clinical environment. For Coles, this 
indicated three things: that students need hands-on experience to give them a context 
for their learning; that they need relevant theoretical information both in the form of 
what they are taught and their own revision notes; and that they need to be able to 
apply this information to their clinical studies. He describes this as "contextual 
learning" (Fish and Coles, 2005). 
Students need to be able to relate new information to an existing framework of 
"knowledge, conceptualizations and experiences" so that they can achieve the "deep 
processing" required for a comprehensive knowledge base. Students recognize when 
the relevant links have been made between elements of knowledge: they feel things 
falling into place and becoming clear. However, this is not something that happens 
without effort and unless the students are taught and encouraged to develop a 
structure for their knowledge and to form links between new and existing information, 
they will not achieve this clarity (Doman et al, 2006). Coles emphasizes, however, 
that whilst the student can be encouraged to learn in this way, they can only achieve it 
for themselves: 
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"Learning must be an active process on the part of the learner (Rogers, 1960). While 
elaboration is something only an individual student can do, it can of course occur 
when students work in groups (Walton, 1973). The contribution of group work to 
each student's elaboration processes is that it allows the opportunity to articulate 
one's thoughts in a safe environment, and to receive constructive feedback from 
peers" Coles (1985b: 305). 
9.4 Summary 
In this chapter, a general support for Margetson's misconception has been illustrated. 
The idea has been furthered by arguing that the issue is not one of separation of 
understanding from action, but of what kind of action is involved in professional 
practice and what kind of knowledge is required to drive it. This is a matter of 
practical reasoning rather than technical reasoning, and is the distinction that Schbn 
raises when he speaks of practice as "professional artistry" rather than the application 
of technical knowledge. 
Many writers reach the conclusion that, to minimize the gap between theory and 
practice in medical schools, students need opportunities to gain first-hand practical 
experience and to develop the capacity to reflect on that experience, or to "theorise" 
about it, in order to understand the experience and to develop appropriate theory in 
relation to their practice, in order to make sense of it. 
The various educationalists discussed in section 9.3 suggest ways in which curricula 
may be arranged in professional education, and each in turn indicates a particular 
relationship between theory and practice. What they lack, however, are convincing 
indications that their models satisfy Margetson's "misconception" or Carr's notion of 
the "mutually constitutive" relationship between theory and practice; through what he 
calls "practical reasoning" or "deliberation". Perhaps Coles' contextual learning 
model comes closest to this when he speaks of the need for a curriculum model which 
links theory to practice, but even this falls short of the Margetson/Carr ideal which 
denies the need to "link" theory and practice but requires practice and theory to grow 
together. 
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Also, it is significant to note here that Barrows (who was one of the earliest writers to 
describe PBL for medical curricula) has shifted his position (Barrows, 2000). Now, 
rather than speaking about problem-based learning, he recommends what he calls 
practice-based learning, thus focusing attention on the primacy of practice. 
Carr, too, would agree with this move, which is not only a shift of emphasis, but, 
more than that, is a philosophical advance. He notes that 
"attempts to remedy the gaps [between theory and practice] by introducing problem- 
based or integrated approaches that are designed to bridge these gaps are entirely 
misguided ... any approach that transforms problems into a series of theoretical 
questions merely deprives the problems of their essentially practical character and 
thereby misconceives the purpose of the whole enterprise" (1995: 36). 
For a curriculum model to meet the demands made by Margetson and Carr, theory 
should not be conceived as: 
separate from practice; 
derived from practice; 
considered in relation to practice; or 
applied to practice 
Instead, practitioners (including students beginning to practice) should engage in 
actions (both of a practical and a theoretical nature) which "critically reconstruct" 
their practice: not simply the practical actions of their practice, but their theoretical 
actions (their "theorising") associated with their practice. 
In attempting to explain the findings of this study, it seems reasonable to suggest that 
for the pre-clinical students (both those undertaking the PBL and the LBC courses), 
theory and practice remain distinct, and that neither group engaged in practical 
reasoning. However, it may be that the clinical students were able to reason in this 
way, although the evidence does not conclusively indicate that they did so. Even so, 
the fact that they might have engaged in practical reasoning is probably more due to 
'other' educational factors (such as their own clinical experience and their reflections 
on this) than the PBL arrangement of the curriculum. 
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In summary, this chapter has undertaken a comprehensive review of literature, 
regarding five closely-related topics which have a bearing on the process of medical 
education. These topics are namely: experiential, reflection, knowledge, practice and 
theory. The various definitions of each topic have been noted and the major features 
described, including the implications on curriculum planning. One of the major issues 
examined throughout the literature is the integration between practice and theory and 
how they link together to affect student learning. 
In the next chapter, an alternative model, 'practice and experiential-based learning9 
(PEBL), will be presented. This is derived from, and attempts to satisfy, the theories 
of Margetson and Carr. 
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Section VI: Recommendations and Suggestions for 
Further Research 
Chapter Ten 
Recommendation 1: Practice and Experiential-Based 
Learning Model (PEBL) 
Chapter Ten 
Recommendation 1: Practice and Experiential-Based 
Learning Model (PEBL) 
10.1 Introduction 
In recent years, there has been a huge shift from teacher-centred learning to student- 
centred learning (Tan 0., 2007). This study has focused on student-centred learning in the 
educational strategies of planned medical education curricula (Dolmans et al, 2005, Tan 
O. S., 2007) via PBL. However, the research gave a surprising result: for Saudi pre- 
clinical students, PBL did not have the positive effect predicted by the literature, whilst it 
did for clinical students. 
In Chapter Eight it was argued that the reaction of the PBL students was what might have 
been expected of students in a conventional curriculum. Overall, this result was 
interpreted in terms of Margetson's (1999) notion of a fundamental "Misconception" of 
pre-clinical teaching as separating understanding from action. Virtually every 
undergraduate medical curriculum distinguishes the two in considering that 
understanding is theory and action is practice. The terms "pre-clinical" and "clinical" are 
practical manifestations of this opinion. In Chapter Nine, this view was given 
considerable support by other educational writers, notably in Carr's analysis of the 
relationship between theory and practice. 
The fundamental misconception of a separation between theory and practice not only 
helps explain why the Saudi pre-clinical students were so negative towards PBL but also 
seriously questions any curriculum which separates understanding from action - even 
another problem-based one. In this chapter, a model for a curriculum, called Practice and 
Experiential-Based Learning (PEBL), is described. The fundamental basis for this model 
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is the way it deals with the relationship between theory and practice and how it 
encourages "practical reasoning". 
This study has shown that, whilst clinical students are in favour of PBL, pre-clinical 
students are not. Since this may be explained by the gap in traditional curricula between 
theory and practice, the PEBL model that has been developed through this study is a 
modified version of PBL, outlined as an educationally recommended strategy for Saudi 
medical students that will reduce this gap and therefore improve the learning experience 
at both pre-clinical and clinical stages. 
Tberefore, PEBL is a form of learning that is rooted in learners and in their learning 
through experience. It features hands-on clinical experience throughout the curriculum, 
provides the professional skills needed for students to see the relationship between theory 
and practice and provides a means for improving the healthcare of Saudi patients by 
being relevant to their needs. In PEBL, the professional practice of medicine provides a 
basis for understanding the principles of health and disease in and through relevant 
action. This encourages students to develop competence, experience and communication 
skills through continuing practice in the clinical setting by introducing them to learning in 
the context of appropriate forms of active clinical practice, and by critical deliberation of 
that practice and the theory underpinning it. 
10.2 A description of Practice and Experiential-Based Learning (PEBL) 
According to the results of this study, a new model was invented that would suit Saudi 
medical education and would have the elements necessary in order to help pre-clinical 
and clinical students in accommodating other education strategies (including PBL). This 
model is named Practice and Experiential-Based Learning (PEBL), and engages students 
in first-hand experience of practice from the very beginning of the curriculum. It has 
three components: Practice (P), Theory (T) and Link (L) (see tables 10.1 and 10.2). 
273 
Table 10.1 Practice and Experiential-Based Learning (PEBL) model components 
COMPONENT PURPOSE ACTIVITIES 
" To provide experience in * Observation of medical 
community and hospital practice in action 
Practice [P] 
settings as a basis for learning 0 Clinical skills laboratories 
theory 0 Clinical case-based activity 
0 Interviewing patients, home 
visits 
0 Scientific practical laboratories 
" To enable students to link 0 Portfolio 
practice and theory through 0 Journals 
Link [L] 
engaging them in "practical Group work (with tutors) 
reasoning" Student/doctor conversations 
Student/student conversations 
Independent study 
" To help students understand PBL procedures - discussing 
what is happening in practice cases (chosen cases and the 
Theory [T] 
through knowledge, concepts, students' own clinical 
facts etc., and begin to develop experiences) 
a knowledge-base to enable Carefully targeted formal 
them to practise effectively teaching; lectures, seminars, 
tutorials, laboratory discussion 
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Table 10.2 Practice and Experiential-Based Learning (PEBL) model component 
relationships distributed over the six-year course 
10.2.1 The practice [P] component 
The practice component is defined as the setting where the students experience the 
practice of medicine and acquire, create and use theoretical concepts to enable them to 
understand that practice throughout the six-year course (see table 10.2). 
"Basic" (year one) and "pre-clinical" students (years two and three) would experience 
practice in a community setting. This would include work in primary healthcare centres 
and dispensaries, work on various projects, including community surveys and family 
assignment projects, and work in different kinds of communities (rural, suburban or 
urban). "Clinical" students (years four to six) would experience practice in a 
secondaryltertiary hospital setting - participating in bedside medicine and emergency 
care. However, the emphasis should not exclusively be on learning in a teaching or 
highly-specialized hospital. The hospital-based experience would be related to primary 
care to enable the students to distinguish between, and relate to, the different levels of the 
healthcare system. 
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The purpose of the practice component of the curriculum is to provide students with the 
experience of practicing in community and hospital settings. The practical activities 
covered by the student would include clinical skills (such as taking blood pressure 
measurements), scientific practical laboratories (such as anatomy and pathology), case- 
based laboratories (simulated patient or paper problems), and also experience and training 
in patient interviews and home visits. In particular, students would observe the practice of 
doctors engaging in their normal work, and so would engage in the clinical practice that 
was appropriate to the stage of the curriculum that they were in. 
10.2.2 The theory [T] component 
The theory component of the PEBL model includes the scientific concepts which enable 
students to understand their actions (and those of doctors). By understanding the theory, 
students can begin to develop a knowledge base which will enable them to practise 
effectively. Students would engage in a number of activities to achieve these goals. 
Firstly, students would engage in problem-based learning (PBL). PBL is a vehicle for 
enabling students to develop a usable body of integrated knowledge and problem-solving 
skills (Amin and Khoo, 2003). It involves tackling patient problems, health delivery and 
basic medical sciences problems, which act as a stimulus for student learning (Tan, 
2003). Students would deal with the problems of individuals as well as with community 
problems (Hamilton, 2005); problems chosen would be directly related to those 
experienced by the students in the practice component of the curriculum. In this way, 
PBL would meet Margetson's (1999) criteria for being "rigorously problem-based", and 
would reflect Barrow's (1994) notion of practice-based learning. Students would also 
engage in a variety of additional educational activities chosen to develop their theoretical 
understanding, including seminars, lectures and special laboratory discussions. The 
content of this teaching (and of any assessments of students' leaming) would be entirely 
relevant to the purpose of enabling students to understand their practice. 
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As the largest portion of students' time would be devoted to self-directed learning (see 
below), PEBL students would learn to critically assess learning resources and the theory 
they were acquiring for adequacy, quality and veracity. PEBL students would also be 
encouraged to see their peers as an invaluable source of information - to collaborate with 
them in learning issues and to share information and tips on resources which they have 
found helpful. They would also utilize learning resources such as libraries and audio- 
visual materials in order to help them understand medical phenomena from a more 
conceptual perspective (Doman, Hadfield et al., 2005, Littlewood et al., 2005). 
10.2.3 The link [L] component 
The link component defines the curricular structures that encourage students to integrate 
practice with theory in the way that Carr describes as "practical reasoning". Students 
would engage in a number of activities to "deliberate" the relationship between theory 
and practice in the practice of medicine. The methods for achieving this are outlined 
below. 
Portfolios 
Portfolios are personal records of students' learning which aid self-direction and 
integration of knowledge (Corcoran and Nicholson, 2004). They can also enable 
assessment of students' learning to be undertaken in a qualitative manner, as Pitts (2007: 
23) states: 
"Portfolios involve a movement from summative to fort-native evaluation and from a 
product orientation stressing quality control/standards to a learner-centred emphasis 
stressing student development and teacher decision-making as well as a shift 
in power 
relationships (from externally controlled assessment to responsive evaluation) and 
cultural sensitivity. " 
In this way, portfolios can be an effective alternative to conventional testing. 
They enable 
teachers to assess students' learning on an ongoing basis, and thus to monitor any gaps 
in 
that learning and make any necessary curriculum decisions to ensure that the 
learning 
environment is a student-centred one. Unlike standard testing methods where 
the teacher 
remains objective, portfolio assessment necessitates that the teacher and student 
build a 
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close working relationship, with the teacher observing and guiding the student's progress 
(O'Neill et al., 2002; Doman et al., 2005; Doman, Hadfield et al., 2005; Doman TL, 
2006; Doman et al., 2007). 
Joumals 
The use of journals (or log books) is another activity which encourages students to 
reflect. Students write down their daily learning activities, which "involves learners in 
actively processing their learning" (Al-Kuwaiti, 1996; Fish and Coles, 2005). 
Group work 
Group work focuses on interactions between students and their tutor. The tutor acts as a 
facilitator to guide students' learning which in turn encourages and motivates them more 
generally in their other learning activities. 
DiscussionlConversations 
Student/doctor conversations encourage deliberation in the clinical setting, as do 
student/student conversations, in which students are encouraged to discuss with each 
other what they are learning. 
Independent Study 
Independent learning is an activity which gives students greater autonomy over their 
choice of subject matter, learning methods, pace of study and learning outcome. 
Reflection 
The fundamental basis of deliberation is that it encourages reflection on learning, both on 
process and content. This can help students take charge of and become more 
involved in 
their learning (even in highly constraining circumstances) (Fish and Coles, 2005). 
Reflection can be particularly important in the context of professional working as 
it can 
help turn experience into learning. Reflection emphasizes two elements. 
Firstly, it 
emphasizes learner activity because it involves learners in actively processing 
their 
learning. Secondly, reflection emphasizes the development of a well-structured 
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knowledge-base, through making students' own knowledge - and the gaps in that 
knowledge - more apparent to them. 
Learner support 
The link component of the curriculum serves a crucial function as it provides 
opportunities for deliberation by students concerning the inter-relation between theory 
and practice. To achieve this, students need support for their leaming skills as they may 
be passive and take a superficial approach through the use of habitual study skills 
developed in a context where a rote leaming approach might be considered sufficient. 
Study skills alone are not sufficient, as most skills can be used to implement either a 
superficial or a deeper approach to studying. However, it is important to develop learning 
skills, in the context of developing an understanding of their purpose, an awareness of 
task demands, and flexibility in adapting to different demands (Al-Kuwaiti, 1996; Doman 
et al, 2007). 
Skilled learners are more in control of their learning and thus experience a greater 
ownership of their leaming; this enhances motivation accordingly. They are also likely to 
process subject matter in a more active and varied way. The development of leaming 
skills involves special exercises (Al-Kuwaiti., 1996) so reflection on learning needs to be 
integrated into each course and task that the students undertake. The college will need to 
consider how best to prepare students' study skills perhaps as part of the foundation 
course or as ongoing workshops throughout the course (O'Neill et al, 2002; Littlewood et 
al, 2005; Doman et al, 2005). 
Teacher support 
The skills of reflection and deliberation must be reinforced by all teachers and doctors in 
practice. To achieve this there needs to be a program of "teacher development" which 
includes topics such as "How to encourage appropriate learning approaches by our 
students" 
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10.3 Summary 
In this chapter, the notion of Practice and Experiential-Based Learning (PEBL) has been 
introduced as a recommended model to be used by the colleges of medicine. PEBL has 
three components: Practice (P), Theory (T) and Link (L). Practice provides experience as 
a basis for theory both in a community and a hospital setting. Theory helps students 
understand what is happening in practice, and enables them to begin to develop a 
knowledge-base for them to practise effectively. The Link component encourages 
students to deliberate on their practice and to construct theory by theorising. Various 
curricular structures have been described to achieve this proposal. 
A procedure for implementing PEBL - based on the PDCA (Plan, Do, Check, Act) cycle 
adapted from the Shewhart cycle (Deming, 1986) - provides a rigorous means of 
maintaining the quality of the curriculum, and a continuous form of evaluation to ensure 
it is acted upon appropriately. 
The next and final chapter will indicate limitations of the study and then highlight further 
research for future studies. 
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Section VI: Recommendations and Suggestions for C-711-7 
Further Research 
Chapter Eleven 
Recommendation 11: Limitations of the Present 
Study and Indications for Further Research 
Chapter Eleven 
Recommendation 11: Limitations of the Present Study 
and Indications for Further Research 
11.1 Introduction 
In the previous chapter the PEBL model was outlined, providing a new way forward 
for medical education in Saudi Arabia. This has been generated from the current 
study, and has not yet been implemented; if PEBL, or something like it, were 
implemented it would first need investigation. 
In the current chapter, recommendations are made from the conclusions of this study 
to aid not only further research in medical education, but also to aid the curriculum 
planners and the colleges of medicine in Saudi Arabia. The limitations of this study 
are noted as a basis for further research. 
11.2 Limitations of the study 
Certain limitations of this study are outlined below. 
1. The scope of the study 
This study was limited to the students at the college of medicine in Saudi Arabia, who 
were enrolled on certain courses across the curriculum. In the pre-clinical program, all 
students in MDPA 306 (General Pathology) were study subjects, while 
in the clinical 
programme, in FAMCO 454 (Primary Health Care), MDMD 451 
(Internal Medicine), 
MDPM 517 (Clinical Pharmacology), MDPY 508 (Psychiatry), MDPD 554 
(Paediatrics), MDOG 553 (Obstetrics and Gynaecology), MDMD 501 (Internal 
Medicine) were study subjects, covering the whole of the curriculum. 
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2. Spectrum of courses in the study 
This study was conducted on a few scattered courses in the curriculum. As noted in 
Chapter Four, the conventional curriculum was running in parallel with the PBL 
courses. There may have been complex interaction and contamination effects. These 
would limit the ability to draw general conclusions from the results obtained. 
3. Tools usedfor data collection 
The use of a self-completed questionnaire, rather than direct observation of students 
in practice by a trained observer, does not give information about actual behaviour. 
The presence of an LBC control group encourages the assumption that it may actually 
be the process of the course that has led to the attitudinal changes measured. 
4. Background of tutors 
Generally, the faculty members serving as facilitators were well trained as educators 
for the purposes of this study. However, their knowledge of problem-based learning 
techniques remained quite variable. Smith and McGahie (1984) identified six distinct 
problems in evaluation by teachers/facilitators, one of these being "lack of preparation 
of faculty for their educational roles. " Thus, the variability among the instructors 
might be of greater magnitude than that seen in standard instructional situations 
(though this does not account for the differences found between pre-clinical and 
clinical PBL students). 
5. Tutor knowledge and attitude assessment 
This study did not assess the knowledge of the tutors and their attitude regarding PBL. 
6 Tutor involvement 
Tutor evaluation was not included in this study, but the tutors' perceptions were 
studied. 
7. Random assignment of students 
The random assignment of students should have produced equivalent groups, 
although there may still be some differences between groups due to the presence and 
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interaction of different characters within each group. Furthermore, seven students had 
to be reassigned (three pre-clinical and four clinical students). This is a small 
proportion of the total number of students participating, but it is proper to ensure that 
the possible lack of equivalence did not influence the results. In order to do this the 
GLM analysis reported earlier were all repeated with controls for pre-test results. 
These are reported in Appendix E and confirm the findings that were found without 
controls. 
11.3 Recommendations for future research and implementation 
The findings from this investigation suggest a need for additional research to develop 
PBL for undergraduate medical students. Recommendations are as follows: 
1. This study, and other PBL research, depends heavily on the perceptions of 
students and tutors for insights into their experience. Validation and reliability 
studies on perceptually- generated data would enhance internal validation and 
allow conclusions to be based on more secure empirical evidence. 
2. Responses to the open-ended questions supported contentions based on 
quantitative data and provided further insight to these contentions or demonstrated 
the presence of relationships not apparent from analyses of numeric replies. 
Therefore, an investigation into students' feelings, concerns, and ideas about PBL 
should be undertaken through additional qualitative research (especially 
observation studies and interviewing). 
3. The PBL process generates a variety of process- oriented data. Although research 
has been started here on the use of learning issues to determine problem 
effectiveness, further research on the other components and on relationships 
between such components is needed. In this study it has been noted that the 
"problems" that formed the basis of PBL were only "convenient pegs" for 
teaching pre-clinical theory and did not reflect pre-clinical students' 
"practice" 
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(largely because they had only limited experience of medicine at that stage). 
Further research into other PBL curricula might investigate by how much the 
"problems"' used are perceived by students as "practical". 
4. There should be a study at the Saudi colleges of medicine to investigate the impact 
of pre-university Saudi education on medical students. It has been shown in this 
study that PBL was not positively received by the pre-clinical students, in contrast 
to clinical students. Further studies, here or elsewhere, might look at "cultural" 
effects on PBL students' reactions to problem-based learning. 
5. A further study should be conducted focusing on Saudi physicians who have 
taught a problem-based learning curriculum to investigate whether they have 
acquired different knowledge, attitudes and professional skills than those who had 
completed a traditional curriculum. Some of these studies might be undertaken 
quickly by identifying Saudi physicians educated at other PBL schools. Other 
studies, of a longer-term nature, need to be conducted to follow through the Saudi 
colleges of medicine students engaged in the current study. 
6. A study should be conducted focusing on the Saudi colleges of medicine intending 
to offer a PBL course as a foundation year in which the student can be oriented to 
the requirements of the curriculum by means of extra teaching in study skills and 
learning skills and through exposure to other methodologies. 
7. A study focusing on a longer-term research intervention might reshape Saudi 
secondary schools to be more like the sixth form centres of 6community colleges', 
giving the students a degree of control over how they choose to divide their study 
time, and to move away from authoritarian didacticism or pedagogical methods 
based on rote learning. 
8. The current study has now created a group of students who have been randomly 
allocated to PBL at pre-clinical and clinical stages. A long-term study could assess 
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their study habits, perceptions of and approaches to PBL in two years, five years 
and ten years. 
9. Finally, a major study should be undertaken in medical schools into Margetson's 
"misconception" (Chapter Eight) and Carr's notion of "practical reasoning" 
(Chapter Nine). This study has argued that there is a fundamental flaw in the 
"theory first" view that underpins much medical education. Such an enquiry needs 
to look at conventional curricula as well as innovative alternatives (including 
PBL). It should focus on the curricular activities of staff and students, and 
particularly on how practice and theory are perceived and understood. This should 
focus not just on the early (pre-clinical) years but also the later (clinical) ones. 
Knowledge acquisition and knowledge use in the practice setting should be a 
prime focus for data collection. It is likely that a combination of qualitative and 
quantitative techniques will be needed. 
11.4 Summary 
In this chapter, the limitations of the present study and indications for further research 
have been discussed. Above all, there is an urgent need for studies in medical 
education which investigate the serious questions raised here. 
Until there is a greater understanding of the educational consequences of introducing 
"practical reasoning" into medical education, undergraduate students and 
postgraduate trainees are likely to be poorly served by those who plan and implement 
their educational programmes. 
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COGNITIVE BEHAVIOUR SURVEY (CBS) 
Date: 
ID: 
Method of Teaching: El PBLEJ LBC 
University: 
Group: Pre-Clinical [: ] Clinical 
Sex: El Female EJ Male 
The purpose of this survey is to obtain information about how you learned about human genetics. 
The responses to this survey are confidential and will be used for research purposes only. 
Throughout the survey, the terms memorization and visualization are used to describe learning 
behaviour. 
Memorization refers to rote learning. 
Visualization is described as a learning process characterized by mental construction of a picture 
to represent the information. 
How important has each of the behaviours, listed in items I to 10, been in your learning of human 
izenetics? 
Use "I" to indicate not at all important and "T' to indicate of the highest importance 
1. Memorization of the key features of the process. 
2. Establishment of a conceptual model for the general 
understanding of how the mechanism works. 
3. Establishment of an overview of the process (i. e. formulating 
a general impression). 
4. Drawing a visual representation of the process (e. g. a 
diagram). 
5. Using analogies or metaphors. 
6. Constructing a flow chart. 
7. Initially learning the details of a process, then constructing a general 
picture of the process. 
8. Creating a mnemonic device such as an acronym. 
9. Discussing a scientific process or concept with other 
students. 
10. Reading other texts on the same material. 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 
1 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 
316 
Cognitive Behaviour Survey (CBS) ............ continued 
How important has each of the following abilities, listed in items II to 16, been to your success in the human genetics units? 
Use "I" to indicate little importance and "T' to indicate major importance. 
1 11. The ability to memorize large amounts of material in a short 
period of time. 
12. The ability to read quickly with accurate comprehension. 
13. The ability to remember a large number of details. 
14. The ability to construct effective classification systems for 
large amounts of details. 
15. The ability to formulate conceptual models which explain the 
cause-effect relationships of different processes. 
16. The ability to construct visual images (mental pictures) to 
represent information. 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 
1 
in2 Im 
In terms of the way you read a human genetics textbook or papers for Human Genetics units, ho 
representative are the statements 17 to 24? 
Use "I" to indicate not representative and "T to indicate very representative. 
17. As I read, I underlined or highlighted. 
18. As I read, I made notes in the margins. 
19. As I read, I made an outline of the important material. 
20. As I read descriptions of physiological mechanisms, I tried 
to construct a mental image of the process. 
21. As I read, I tried to memorize the key points. 
22. As I read, I related the material to what I had previously 
learned. 
23. As I read, I identified information to be memorized later. 
24. As I read, I analysed the relevant diagrams or pictures. 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
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Cognitive Behaviour Sun, ey (CBS) ............... continued 
Answer the following cluestions in terms of vercentages. 
25. At the end of the Human Genetics units, estimate the average percent of your knowledge 
that was the result of rote memorization. % 
26. What percentage of what you studied for the exam do you think you will remember one year 
after completing this course? % 
27. What percentage of the Human Genetics you learned for the exam do you think you'll 
remember three months later? % 
28. What percentage of your study time was devoted to memorization of the 
Human Genetics units? % 
29. What percent of your study time do you estimate was wasteful or ineffective for the 
Human Genetics unit? % 
Why did vou memorize for the Human Genetics units? 
Use "I" to indicate minor reason and "7" to indicate major reason. 
-+Increasing importance of Reason->_ 
30. It was an effective way to learn. 12345 67 
3 1. It was a fast way to learn. 12345 67 
32. There was too much to learn by any other method. 12345 67 
33. It was easy. 12345 67 
34. It was necessary to establish a basic foundation of knowledge. 12345 67 
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Cognitive Behaviour Survey (CBS) ................ continued 
For the Human Genetics units in this course: 
Use "I" to indicate seldom and "T' to indicate frequently. 
35. How often did you study with other students prior to an exam? 
36. Have you studied with another student(s) on a regular 
basis? 
37. Excluding your preparation for exams, did you ever discuss with 
other students material which was conceptually confusing? 
-4increasing kvequency-ý 
1234567 
1234567 
1 
Answer these followinp, Questions in terms of Percentaizes: 
On average, what percentage of your knowledge on human genetics came from the following sources? 
(Your total should add up to 100%). 
38. Lectures % 
39. Tutorials % 
40. Faculty outside of class % 
41. Other students outside of class 
% 
42. Textbooks % 
43. Articles % 
44. Labs % 
45. Other (please specify) -% Total 100% 
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To what extent do the following words and phrases describe your learning experience for the Human 
Genetics units? 
Use "I" to indicate not at all descriptive and "T' to indicate very descriptive 
I 
-Ancreasimlv DescriDt 
46. Meaningful 1 2 3 4 5 6 7 
47. Enjoyable 1 2 3 4 5 6 7 
48. Stressful 1 2 3 4 5 6 7 
49. Stimulating 1 2 3 4 5 6 7 
50. Uneventful 1 2 3 4 5 6 7 
5 1. Sense of discovery 1 2 3 4 5 6 7 
52. Motivating 1 2 3 4 5 6 7 
53. Leads to new question 1 2 3 4 5 6 7 
To what extent do the followiniz words and Dhrases describe vour view of vour eenetics knowled2e? 
Use "I" to indicate not at all descriptive and "T' to indicate very descriptive. 
-41ncreasing ly Descrip five-ý 
54. Fallible 123 4 5 6 7 
55. Descriptive 123 4 5 6 7 
56. Contradictory 123 4 5 6 7 
57. Stable 123 4 5 6 7 
58. Definitive 123 4 5 6 7 
59. Precise 123 4 5 6 7 
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DEMOGRAPHIC QUESTIONNAIRE (DQ) 
Date: University: 
ID: 
- 
Group: 
- 
Pre-Clinical Ej Clinical 
Method of Teaching: EJ PBL 1: 1 LBC Sex: 
(#) 
El Female El Male 
This information, which will not be a part of your student record, will be kept confidential and 
used for research purposes only. 
1. Age: 
2. Major topic of interest regarding human genetics: HBD Fl HCDEJ 
I Have you ever participated in classes which included the use of case studies? Yes 
4. If your answer to item 4 was "YES", did you like learning from case studies? Yes 
5. Have you ever been exposed to an educational strategy identified as "problem-based 
learning" before? Yes 
- 
No 
If yes, when and in which class(es)? 
Have you ever taken a course that included a significant amount of information about: 
No 
No 
Molecular bases of genetic diseases Yes No 
Chromosomal aberrations Yes No 
Other genetic diseases Yes No 
7. Do you have experience in caring for persons with sickle-cell anaemia ? Yes No 
8. Do you have experience in caring for persons with Down's syndrome? Yes No 
9. If you answered "YES" to items 8 and/or 9, please describe your role and responsibility in 
this care 
[Thank you for your cooperation] 
I-IMD [: 1 
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ATTITUDE SURVEY (AS) 
Date: 
ID: 
Method of Teaching: El PBL El LBC 
University: 
Group: Pre-Clinical Ej Clinical 
W 
Sex: EJ Female El Male 
9 Please circle the number which characterizes your feelings about each of the following statements. 
For me, learning about medicine is: 
Use "I" to indicate that you disagree and "T' to indicate that you agree 
I 
-+Increasin 
frustrating 1 2 3 4 5 6 7 
challenging 1 2 3 4 5 6 7 
exciting 1 2 3 4 5 6 7 
depressing 1 2 3 4 5 6 7 
boring 1 2 3 4 5 6 7 
When I qualify, working with Genetics patients will be: 
Use "I" to indicate that you disagree and "T' to indicate that you agree 
I 
-Am 
- 
frustrating 1 2 3 4 5 6 7 
challenging 1 2 3 4 5 6 7 
exciting 1 2 3 4 5 
6 7 
depressing 1 2 3 4 5 6 7 
boring 1 2 3 4 5 6 7 
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Attitude Survey (AS) .................. continued 
For me, a career focusing on medicine would be: 
Use "I" to indicate that you disagree and "T' to indicate that you agree 
I 
--4][ncý 
likely 
rewarding 
ing Agreement-4 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
The problems associated with patients are: 
Use "I" to indicate that you disagree and "7" to indicate that you agree 
I 
->Increasi 
frightening 
solvable 
manageable 
[Thank you for your cooperation] 
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1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
COURSE EVALUATION FORM (CEF) 
Date: 
ID: 
University: 
Group: Pre-Clinical E] Clinical Fj 
W 
Method of Teaching: El PBL El LBC Sex: [: 1 Female El Male 
0 Please answer the questions yourself, based on your own opinions. 
1. The Response Re2ardinz the HGU Evaluation: 
1. What method did you use to study Human Genetics Units (HGU)? PBL Dor LBC El 
2. What percentage of the entire course should be using this method? % 
3. Please indicate the main factors you considered in making your response for the above 
The enjoyment that I had using this method. 
The importance of this method to my professional practice. 
The volume of information I learned. 
The interaction with my peers. 
The independence of learning. 
Other 
4. During the previous class sessions, I learned: (Please tick one) 
A lot more than I expected 
Somewhat more than I expected 
About as much as I expected 
Somewhat less than I expected 
Much less than I expected 
5. The format used in the previous classes is one that I would: (Please tick one) 
Like to experience again 
Like to experience again if these minor changes were made: (List minor changes) 
- 
Like to experience again if these major changes were made: (ListLaaj, -car 
ýhqn ýes) 
Prefer not to experience again because: (List reasons) 
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Course Evaluation Form (CEF) .................. continued 
11. The Response Regarding The Amount of Work: 
6. Compared to the work I have done for this class so far, the amount of work involved in the 
previous class sessions was: 
More than I am used to and intolerable 
More than I am used to but tolerable 
About the same as I am used to 
Not as much as I am used to 
7. Approximately how much time did you work outside of class to review/study materials for the 
past three class sessions? (min/hour/days) 
IH. Response Regarding The Tutor and Small-Group Process 
Circle the number which best reflects your level of agreement with the following statements. 
Use "I" to indicate hardly ever and "T' to indicate almost al 
8. The leader allowed students to initiate and continue discussion 
9. Periods of silence were tolerated by the leader 
10. We interrupted each other during the sessions 
11. Most of the questions were asked and answered by the students 
12. Students selected most of the topics for discussion 
13. Most of the exchanges were between students, not between the 
leader and the students 
14. We were encouraged to listen fully to each other 
15. The leader provided limited amounts of information 
16. Students were allowed to discuss their ideas without the leader's 
intervention 
17.1 enjoyed working in my group 
-)Increasini! Freauencv-ý 
12 3 4 5 6 7 
12 3 4 5 6 7 
12 3 4 5 6 7 
12 3 4 5 6 7 
12 3 4 5 6 7 
12 3 4 5 6 7 
12 3 4 5 6 7 
12 3 4 5 6 7 
12 3 4 5 6 7 
12 3 4 5 6 7 
18. During this small-group experience, were you aware of the activities of at least one of the other 
small groups? 
No Yes (If yes, explain) 
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19. What are your perceptions of the use of PBL or LBC methods in this study? 
[Thank youfor your cooperation] 
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TUTOR EVALUATION FORM (TEF) 
Date: University: 
ID: Group: 
Please complete the following questions at the end of the each class session. 
Use "I" to indicate hardly ever and "T' to indicate almost always. 
- 
1. Students were allowed to initiate and continue discussion. 
2. Periods of silence were tolerated. 
3. The students and I interrupted each other during the sessions. 
4. Most of the questions were asked and answered by the students. 
5. Students selected most of the topics for discussion. 
6. Most of the exchanges were between the students, not 
between the students and myself. 
7. Students were encouraged to listen fully to each other. 
8.1 provided limited amounts of information during the class. 
9. Students were allowed to discuss their ideas without my 
intervention. 
10.1 used infrequent questions to guide the group process or to 
probe for understanding. 
11. Any questions I asked or statements I made were built on 
students' preceding comments. 
12. The difficulty level was appropriate for the tutorial. 
13. Students were enthusiastic and motivated to study this method 
14. The data sheet was adequate. 
-4 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 
1 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
Categorize each factor according to the three choices: 
Record the response by placing an "x" in the appropriate column; comments are welcome. 
Factor No Somewhat Definite 
Problem Problematic Problem Comments 
15. Rapport with students 
16. Effectiveness as T/I 
17. PBL process 
18. Session length 
19. Number of sessions 
20. Topic order 
21. Problem content 
22. PBL data sheets 
23. Instruction sheets 
24. Student resources 
25. Learning issues/HBD 
26. Learning issues/HCD 
27. Facilities 
28. Group size 
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Tutor Evaluation Form (TEF) .................. continued 
29. Would you consider being a PBL tutorALBC instructor again? Yes No 
If you wish, please explain your answer 
30. What are your comments about the teaching method you were involved in? 
[Thank you for your cooperation] 
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GENETICS UNIT EXAMINATION (GUE) 
The HGU Examination for preclinical students will consist of two parts (a total of 
100 points): 
Part 1, to be prepared by the Genetic Instructor at King Faisal University, will be 
worth 60 points . This part of the examination will include multiple choice, 
True/False questions and matching test items. 
Part 11, to be prepared by the Researcher, will be worth 40 points. It will consist 
of 4 essay-type analytical questions that will cover both HBD and HCD, 20 points 
each. 
- The answers should be in the examination paper. 
Part I 
Total points: ......................... 
Part 11 
Total points: ....................... 
Total: 
(For security reasons, the detail of the examination is not 
included here) 
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APPENDIX B 
CURRICULUM MATERIALS 
Human Biochemical Disorder (HBD) Problem for PBL Students 
o The Human Biochemical Disorder (HBD) Problem 
Human Biochemical Disorder (HBD) Problem for LBC Students 
o HGU Questions for LBC Students 
o HBD - Objectives 
o Potential Learning Issues 
0 Human Chromosomal Disorder (HCD) Problem 
Human Chromosomal Disorder (HCD) for LBC Students 
o HGU Questions for LBC Students 
o HCD - Objectives 
o Potential Learning Issues 
0 Human Multifactorial Disorder (HMD) 
o HMD - Objectives 
o Potential Learning Issues 
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HUMAN BIOCHEMICAL DISORDER (HBD) PROBLEM FOR 
PBLSTUDENTS 
Problem Brief_(PB) 
The aim of this trigger is to understand the concepts of biochemical genetic disorders 
through a 14-month-old female brought to the paediatrics clinic who had been 
coughing, irritable and feverish for two days. 
List the biochemical learning issues you plan to study in these three sessions. 
Instructions: 
* This sheet will be collected by tutor assigned. 
0 Do not write your name or ID number on this page. 
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The Human Biochemical Disorder (HBD) Problem 
Part I 
The Case History: 
Johra is a 14-month-old infant female. She was brought to the paediatrics clinic by her 
father, Saad. She has been coughing, irritable and feverish for two days. She has been 
walking for about five weeks, but now seems reluctant to put weight on her left leg. 
She was born at term and weighed 2.90 kg. She has no previous illness. She shows 
normal growth and development. 
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Part I (continued) 
The Family History 
Johra has three brothers and one sister. The oldest, Mohammed is 7 years old and has 
been diagnosed as a sickle-cell anaemic patient. Iman is a 5-year-old female and Ola 
is a3 1/2-year-old female. Both are in good health with no previous admissions. 
Her father, Saad is 34 years old. He is a businessman who is quite healthy. Saad is 
married to Hind (the mother). She is 29 years old and is a teacher. She has no 
previous illnesses. 
Johra's parents were married eight years ago. They are first cousins. 
- You may proceed to the clinical examination data. 
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Part 11 
Clinical Examination Data: 
The pediatrician immediately decided to admit her, and carry out a clinical 
examination. 
The vital signs: 
Johra Normal RanRe 
Temperature, 'C 38.5 36.5-37.5 
Pulse Rate, beats/min 135 80-120 
Blood Pressure, mm(Hg) 110/80 80-110/50-80 
Respiration/min 30 20-30 
Also, 
Weight, kg 
Height, cm 
10 50th per centile) 
75 50th percentile) 
The physical examination 
Johra appeared clinically anaernic. She was pale and in a lot of discomfort. 
Cardiovascular system 
Heart ejection systolic murmur grade 2/6 at left sternal border. 
Respiratory system 
Mildly tachypneic. 
Decreased breath sounds over the left lower chest posteriorly. 
Abdomen 
Spleen and liver are palpable 2cm below the costal margin. 
Neurological examination 
Cranial nerves normal. The left leg shows no signs of knee or hip joint limitation, but 
a point of tenderness is elicited above and lateral to the knee joint, over the distal 
portion of the femur. The right leg is normal. 
- You may proceed to the laboratory test 
data. 
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Part III 
Laboratorv Data: 
Because of the family history of sickle-cell anaernia the pediatrician decided to order 
the following clinical and laboratory tests. 
Haematological values: 
Johra Normal RaWe 
Haemoglobin (M) count, gr/l 105 115-165 
Haemotocrit (PCV), % 29 36-47 
Reticulocytes, % 8.0 0.5-2.5 
10 12/1 Erythrocytes (RBC), 4.0 3.8-5.8 
Mean Cell Volume (MCV), Pg 81.0 77-95 
Mean Cell Haernoglobin (MCH), Pg 30 27-32 
Mean Cell Haemoglobin Concentration 
(MCHC), g/d 30 32-36 
White blood cell (WBC) count, 10 911 19.8 4.0-11.0 
Neutrophils, 10 9/1 11.8 2.0-7.5 
Lymphocytes, 10 911 6.7 1.5-4.5 
Monocytes, 10 9/1 0.6 0.2-0.8 
Eosinophils, 10 9/1 0.2 0.04-0.4 
Basophils, 10 911 0.5 0-0.1 
9/1 Platelet count, 10 380 140-400 
Chemical Pathology test values: 
Urea, mmol/l 5.2 3.0-6.5 
Albumin, gr/l 42 32-50 
Total protein, gr/l 61 63-80 
Total bilrubin, mmol/I 36 <17 
Sickliniz test: 
The red cells sickle deoxygenated with 2% sodium metabisulfite. 
Haemojzlobin solubility: 
Homolysate became cloudy upon deoxygenation. 
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The peripheral blood smear: 
Sickle blood cells. Normal blood cells. 
The haemoglobin electrophoresis (cellulose acetate, PH 8.6): 
Standard sample 
(HbA, HbF, HbSHbA2) 
Control sample (normal) 
Father's sample 
Mother's sample 
Johra's sample 
A2 SFA 
JA A= Application Point 
X-Rays: 
Chest: mild left lower lobe infiltrate. 
Left leg: radiograph appears normal. 
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Part III 
The Family Laboratory Data: 
The paediatrician decided to order a family investigation concentrating especially on 
the parents. 
Haematolos! ical values: 
Haemoglobin (Hb) Count, gr/I 
Haernatocrit (PCV), % 
Reticulocytes, % 
2/ Erythrocytes, (RBC), 10 11 
Mean cell volume (MCV), fl 
Mean cell Haernoglobin (MCH), pg 
Mean cell Haemoglobin concentration 
(MCHC), g/dl 
White blood cells ()VBC) count, 10 911 
WBC differential count, 10 9/1 
Platelets, 10 9/1 
Peripheral blood smear: 
Red cells sickle on deoxygenation. 
Sicklin2 test: 
Father Normal Range 
140.2 130-180 
0.45 0.40-0.52 
1.5 0.5-2.5 
6.0 4.5-6.5 
83.1 77-95 
29.2 27-32 
33.4 32-36 
8.9 4.0-11.0 
(normal distribution) 
270 140-400 
The red cells sickle deoxygenated with 2% sodium metabisulfite. 
Haemoidobin solubility: 
Homolysate becomes cloudy upon deoxygenation. 
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Part III (continued) 
Haematolojaical values: 
Haernoglobin (Hb) count, gr/I 
Haernatocrit (PCV), % 
Reticulocytes 
Erythrocytes (RBC), 10 12/1 
Mean cell volume (MCV), fl 
Mean cell Haernoglobin (MCH), pg 
Mean cell Haernoglobin concentration, g/dl 
White blood cells (WBC) count, 10 911 
WBC differential count, 10 9/1 
Platelets, 10 9/1 
Peripheral blood smear: 
A few target cells; occasional sickled cells 
Sicklin2 test: 
Mother Normal Range 
122 115-165 
37.5 36-47 
1.7 0.5-2.5 
4.3 38-5.8 
83 77-95 
31.3 27-32 
34.7 32-36 
9.2 4.0-11.0 
(normal distribution) 
240 140-400 
The red cells sickle deoxygenated with 2% sodium metabisulfite. 
Family southern blot data: 
Procedure: 
Electrophoresis of MST II fragments of DNA, followed by detection with a probe 
complementary to the B globin gene. 
JOHRA FATHER MOTHER NORMAL 
1.35kb 
1.15kb 
0.2kb 
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Part IV 
Clinical Application: 
Johra was given02by mask for a while then left to rest in bed. She was also placed 
on intravenous fluid and intravenous Cefuroxime (2nd generation of Cephalosporin) 
after blood sample was taken. 
After 48 hours in the hospital, she was still unable to put weight on her left leg and 
her fever was still high. 
The patient showed no improvement; because of this she was taken to theatre where 
surgical drainage of the distal femur was done and this revealed pus which was 
consistent with osteomyelitis of the distal femur. There was no bacterial growth 
shown in the culture (microbiology test). 
By the time of surgery, she had been on 3 antibiotics for 72 hours. Following the 
removal of the infection she became stable and remained so. 
Johra was given 3 antibiotics IN. including (Vancomycin), followed by oral 
Keflaxene (1st generation of cephalosporin) to be taken over a three-week period. 
She made a complete recovery. 
[Thank you for your cooperation] 
339 
HUMAN BIOCHEMICAL DISORDER (BI13D) PROBLEM FOR 
LBC STUDENTS 
William is an 18-month-old male Caucasian infant. He was diagnosed as a cystic 
fibrosis (CF) case, and because of this referred to have more investigations to confirm 
this diagnosis and have further evaluation. 
He was born at full term with a normal delivery, his weight 2.85kg. He had been 
chesty since the age of 7 months and had been treated for pneumonia on two 
occasions. Over the past 6 months, his condition has worsened, and the coughing has 
increased. He has now started to become breathless and has lost weight. His appetite 
is normal, his stools loose and offensive. 
His mother, Barbara, who is 23 years old, is 12 weeks pregnant. She has two brothers, 
Ian and Steve, and a sister Margaret. Steve and Margaret are unmarried. Ian is married 
to Christine and they have a3 year old daughter, Andrea. Barbara's parents are 
Douglas and Holly. Holly's sister, Carol, is the mother of Barbara's husband, Collin, 
who is 27 years old. There is no previous family history of CF. 
On examination, William was pale, thin and finger clubbing was observed. A moist 
cough was heard. The chest showed good exausions with no dullness to percussion 
over both lung fields. Cardiac exam was normal. The abdomen was soft and non- 
tender without organomegaly. 
On investigation, the blood film was normal. The qualitative stool analysis for fat 
showed abnormal fat drops. The sweat test sodium and chloride concentrations were 
elevated, compared to the normal. The chest x-ray showed hyperinflation and 
bronchial wall thickening. 
Instructions: 
9 Answer the following with the help of this case study. 
e Students in pairs will be asked to give one set of answers to these questions. 
A large group discussion will be held next session on this case study. 
These answers will not be graded, and will not be a part of your assessment. 
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HGU Ouestions for LBC Students 
Q1 From the description of William's condition, explain how the genetic defects 
lead to the clinical abnormalities described. 
Q2 Describe the molecular genetic techniques used to detect mutation in CF 
syndrome. Discuss the variety of mutations found and their distribution in 
different population groups. Explain how mutation may lead to an alteration in 
the function of the CFTR protein. 
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Q3 Based upon the family history of William's case, answer the following 
questions: 
a) Draw the pedigree chart, using standard symbols. 
b) What is the pattern of transmission of CF, and what is the risk of CF 
for Barbara's next child? 
C) How does the risk of CF in William's first cousin compare with the 
population risk 1/2000? 
d) Which people in this pedigree are obligate heterozygotes? 
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HBD ObiectivPQ 
The Objectives of this Human Biochemical Disorder (HBD) Unit are to enable the 
student: 
To describe the DNA composition of chromosomes in terms of structure, 
replication process and arrangement. 
2. To define the general structure and function of amino acids and the role of 
RNA components in protein synthesis. 
3. To discuss the principles and methods of laboratory molecular genetics and its 
utilization in medicine. 
4. To explain protein and amino acids analysis techniques and their main 
differences. 
5. To describe the application of genetic engineering in medicine. 
6. To construct a pedigree chart for a family. 
7. To discuss the types of Mendelian inheritance in humans. 
343 
Potential Learnini! Issues 
The DNA composition in chromosomes. 
a) The chemical composition and their structure. 
b) The Watson-Crick model of DNA. 
C) The model and mechanism of DNA replication. 
d) Chromosome structure from the level of DNA. 
2. The structure and function of amino acids and role of RNA in protein 
synthesis. 
a) The transfer of genetic information from DNA to protein. 
b) The process of transcription and the messenger RNA (MRNA). 
C) The process of translation. 
d) The organisation of human genes. 
e) Transport protein: The haemoglobin model. 
3. Explain mutation in the human genome. 
a) Types of mutation. 
b) Causes of mutation. 
C) Detection of mutation. 
d) Measuring mutation rates. 
e) The phenomenon of impaired genome and its role in the expression of 
genetic disorders. 
4. The principles and methods of laboratory molecular genetics and its utilisation 
in medicine. 
a) The use of restriction enzymes and vectors. 
b) Polymerase Chain Reaction (PCR) analysis. 
C) Principles of electrophoresis. 
d) The use of hybridisation techniques. 
5. The protein and amino acid analysis techniques. 
a) Southern blotting technique. 
b) Northern blotting technique. 
C) Western blotting technique. 
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6. The application of genetic engineering. 
a) DNA recombinant use. 
b) DNA fingerprint analysis. 
C) Gene therapy procedure. 
d) The procedure of genetic mapping. 
7. Construction of a pedigree chart. 
a) Symbols used in pedigree. 
b) Analysis of pedigree. 
C) The significance of pedigree in medicine. 
8. Discuss the type of genetics Mendelian inheritance and their types. 
a) The behaviour of autosomal recessive traits. 
b) The behaviour of autosomal dominant traits. 
C) The concept of codominance. 
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Problem Brief (PB) 
The aim of this trigger is to understand the concepts of chromosomal disorders 
through a 15-year-old female, of short stature and obese, who was referred to the 
department of Gynaecology and Obstetrics with a primary amenorrhoea. 
List the chromosomal disorder learning issues you plan to study in these three 
sessions. 
Instructions: 
* This sheet will be collected by the tutor assigned. 
e Do not write your name or ID number on this page. 
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HUMAN CHROMOSOMAL DISORDER (HCD) PROBLEM 
Part I 
The Case History: 
Fatimah, a 15-year-old female, was referred to the Gynaecological and Obstetrics 
Clinic from a local primary care centre because of primary amenorrhoea (her 
menstrual periods had not begun yet). She was short in stature and obese. She had 
been in good health and had had no previous serious illnesses. 
She was born at term and weighed 2.8 kg. She is in intermediate school (8th grade) 
and doing very well there. 
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Part I (continued) 
The Familv History: 
Fatimah's family structure consists of her parents, two brothers and one sister. Her 
mother, Huda, is 45 years old and her father is 47 years old. Fatimah is the youngest 
daughter and the fourth of her parents' children. 
Both parents are in good health with no previous illnesses, although her father was 
admitted last year with a myocardial infarction. Her sister and brothers are all in good 
health and are doing reasonably well at school. In general, there is no history of 
genetic diseases in this family. 
You may proceed to the clinical examination data. 
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Part 11 
The Clinical Examination Data: 
The gynaecologist found the following during the clinical examination: 
The vital sipns: 
Fatimah Normal Range 
Temperature, 'C 37.0 36.5-37.5 
Pulse rate, beat/min 94 80-112 
Blood pressure, mm/Hg 136/90 80-110/50-80 
Respiration, per min 29 20-30 
Also; 
Weight, kg 80 (75th percentile) 
Height, cm 1.40 (<5th percentile) 
Compared to her parents: 
Father Mother Normal Range 
Weight, kg 82 76 50th percentile) 
Height, cm 1.80 1.68 50th percentile) 
The physical examination: 
She appeared obese, her chest was shield shaped, and she had widely-spaced nipples. 
No breast tissue could be palpated and she had webbing of the neck. 
Cardiovascular system: 
Absent femoral pulse (radio femural. delay) 
Abdomen: 
No organomegaly. 
The pelvic examination: 
By bimanual palpation, the patient's uterus was small and her gonads could not 
be 
felt. 
- You may proceed to the 
laboratory test data. 
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Part III 
Laboratorv Data: 
The gynaecologist decided to order the following tests: 
Haematolo0cal values: 
Fatimah Normal Range 
Haemoglobin (Hb) count, 10 911 122 115-165 
Haemotocrit (PCV), % 38 36-47 
Reticulocytes, % 2.0 0.5-2.5 
Erythrocytes (RBC), 10 12/1 3.6 3.8-5.8 
Mean Cell Volume (MCV), fl 84 77-95 
Mean Cell Haemoglobin (MCH), pg 30 27-22 
Mean Cell Haemoglobin Concentration 34 32-36 
(MCHC), g/dl 
White blood cell (WBC) count, 10 911 6.9 4.0-11.0 
Neutrophils, 10 9/1 2.15 2.0-7.5 
Lymphocytes, 10 9/1 2.2 1.5-4.5 
Monocytes, 10 911 0.6 0.2-0.8 
Eosinophils, 10 9/1 1.7 0.01-0.4 
Basophils, 10 911 0.25 0-0.1 
The chemical patholos! y test data: 
Total Bilurubin, mmol/l 18 <17 
Total Protein, gr/l 65 63-80 
Kidney function and electrolytes test: 
Normal 
Gonadotropin (FSH, LH) 
FSH, IV/L 10.5 0.5-9.5 
LH IV/L 15.6 3-12 
Hearing assessment: 
Normal 
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Part III (continued) 
Intelligence Quotient (IQ): 
IQ 
X-Rays: 
Fatimah Normal Range 
112 (111-117) 
Left wrist x-rays for bone age were interpreted as consistent with age 11 according to 
this equation (normal bone age = chronologic bone age ± 15 months) 
The cytounetic test: 
The analysis of Fatima's chromosomes by scoring 100 cells from cultures of Fatima's 
white blood cells were found to have a 45, X, /46, X constitution. 
The chromosomes of both her parents were indistinguishable from normal. 
The DNA Test: 
DNA from the family was tested with a variety of probes. Using the techniques of 
southern blotting, DNA prepared from Fatima's leukocytes was shown to hybridise 
with Y-specific DNA probes. Fluorescence in-situ hybridisation showed that the 
marker chromosome contained Y-specific DNA. There was a risk of approximately 
25% of gonadal blastoma, a pre-malignant gonadal tumour. 
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Part IV 
The Clinical Application: 
The management protocol currently used for such condition is that the patient should 
be given growth hormones at the age of 5 years, and oestrogen hormone at 12 years to 
induce the sexual features. 
However, on account of her age and not having taken the hormone, the doctor 
recommended the following for Fatima: 
Psychological support that would raise her self-esteem and help her cope with the 
embarrassment about her condition. The gonads were to be removed surgically 
because they had increased incidence of gonal malignancy. The cardiologist was 
referred to for the treatment of hypertension and coarctation of the aorta. 
[Thank you for your cooperation] 
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HUMAN CHROMOSOMAL DISORDER (HCD) PROBLEM FOR 
LBCSTUDENTS 
Mohammed (10 days) neonate male (3.4kg), was born at a primary health care centre in his region. He was referred to the paediatrics clinic with a diagnosis of Down's 
syndrome for further evaluation and counselling. 
The mother of Mohammed is Maryam, who is 45 years old. She is reasonably healthy 
and there was no maternal illness during her pregnancy. His father is Saleh, who is 46 
years old. He has no previous illnesses and is in good health. The parents are not 
related. Mohammed is the first child of the couple. 
The geneticist in the clinic confirmed the clinical features Mohammed's condition. 
The characteristics are: 
The facial appearance led to a common clinical diagnosis. The palpebral 
fissures are upslanting, with brush field spots in the iris, the nose is small, 
facial profile flat and ears low set. 
Hypotonia marked and redundant folds of skin about the neck. 
The skull is brachycephalic. 
A single palmar crease, the little fingers are short and incurved (clinodactyly); 
there is also a wide gap between the first and second toes. 
On examination, Mohammed's body temperature was 37C, and his blood pressure 
85/55. Cardiovascular examination was normal. The abdomen examination showed 
no abnormal distention. 
On investigation; the routine haematology results were normal. Chest x-ray was 
normal. Cytogenetic analysis showed trisomy for chromosome 21. 
Instructions: 
0 
0 
0 
0 
Answer the following with the aid of this case study. 
Students in pairs will be asked to complete one set of answers to the questions. 
A large group discussion will be held next session around the case study. 
These answers will not be graded, and will not be a part of your assessment. 
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HGU Ouestions for LBC Students 
Q1 From the above observation for the condition. 
What factors in Mohammed's family might be related to a risk of Down's 
syndrome? 
Q2 What would be the risk of a second child born to these parents having Down's 
syndrome? 
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Q3 According to the chromosome laboratory test (cytogenetic report) it states that 
Mohammed's karyotype shows trisomy, 21 - (47, X9 + 21). 
What does this karyotype mean? 
b) The laboratory asks for blood samples from the clinically normal 
parents (Mohammed's parents). Why? 
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HCD ObiectivP. Q -s 
The Objectives of Human Chromosomal Disorder (HCD) Unit are to enable the 
student: 
1. To describe the mechanism of mitosis and meiosis as a mechanism of cell 
growth and reproduction. 
2. To provide details of the human chromosome and the karyotype in human 
genetics. 
3. To explain the role of molecular cytogenetics in DNA diagnostics in medicine. 
4. To explain the mechanism of non-disjunction in gamete formation and its 
effect in humans. 
5. To discuss the autosomal trisomic condition and its risk factors. 
6. To describe sex chromosome abnormalities and their effect on the phenotype. 
7. To list the characteristic patterns of Mendelian X-linked inheritance. 
8. To explain mutation in the human genome. 
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Potential Learning Issues 
The mechanism of mitosis and meiosis. 
a) Chromosome behaviour in mitosis. 
b) Chromosome behaviour in meiosis. 
C) The significance of mitosis and the genetic control of the cell cycle. 
d) The process of meiosis and the formation of gametes. 
e) Draw a cell cycle. 
2. Human chromosome set and the karyotype. 
a) The importance of numerical chromosome. 
b) The importance of chromosome structure variation, e. g. deletion and 
translocation. 
C) The preparation of karyotype. 
d) The analysis of karyotype. 
3. The role of molecular cytogenetics on DNA diagnostics. 
a) Preparation of cytogenetics in a laboratory. 
b) Application of molecular cytogenetics. 
4. The mechanism of non-disjunction in gamete formation. 
a) The process of non-disj unction. 
b) The effect of non-disj unction. 
5. Autosomal trisomic condition. 
a) Define autosomal trisomic. 
b) Examples of trisomic disorder. 
C) The matemal age as a risk factor. 
6. The sex chromosome abnormalities. 
a) The segregation of sex chromosome into gametes and male 
heterogametic sex chromosomes. 
b) The role of the 'Y' chromosome. 
C) The role of the X chromosome. 
d) The syndromes associated with sex chromosomes. 
7. The characteristic pattern of Mendelian inheritance of X-linked chromosomes. 
a) How Mendelian principles apply to this inheritance. 
b) The behaviour of X-linked dominant chromosomes. 
C) The behaviour of X-linked recessive chromosomes. 
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HUMAN MULTIFACTORIAL DISORDER (HMD) PROBLEM 
Problem Brief (PB) 
The aim of this trigger is to understand through clinical application the multi-factorial 
disorder in human genetics, through a 26-year-old female who collapsed at home. She 
was admitted to the emergency room. 
List the multi-factorial disorder learning issues you plan to study in these sessions. 
Instructions: 
* This sheet will be collected by the tutor assigned. 
* Do not write your name or ID number on this page. 
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HUMAN MULTIFACTORIAL DISORDER (HMD) PROBLEM 
Problem Brief (PB) 
The aim of this trigger is to understand through clinical application the multi-factorial 
disorder in human genetics, through a 26-year-old female who collapsed at home. She 
was admitted to the emergency room. 
List the multi-factorial disorder learning issues you plan to study in these sessions. 
Instructions: 
e This sheet will be collected by the tutor assigned. 
9 Do not write your name or ID number on this page. 
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The Human Multifactorial Disorder (FWD) 
Part I 
The Case History: 
Noora, a 26-year-old female was admitted unconscious to the emergency room at 
8.30am. Her husband, Emad, who is 30 years old, brought her. He said that she had 
collapsed while working at home that morning. She is a housewife. She has a 3-year- 
old child and is expecting her second. 
A routine blood test was ordered immediately. At the scene, the emergency medical 
doctor noticed her blood glucose was about 2.8 m mol (normal 3.8-5.8). She was 
immediately given an intravenous injection of 50% dextrose. 
She regained consciousness shortly after her arrival at hospital. She was perspiring 
profusely and was cold and clammy even though her temperature was 36'C. She 
complained of feeling weak, and of a tingling feeling in her legs. 
The resident on call in the internal medicine department began an IN. of 10% 
dextrose. 
By 12.30pm, Noora, was feeling better. When questioned about what had happened, 
she indicated that she had been in a hurry that morning to finish the housework before 
lunch time, and had only a piece of pitta bread and a cup of tea for breakfast. 
She is well known as a diabetic patient, diagnosed two years earlier. She had been 
taking two injections of lente insulin. She said that she had had a fainting spell the 
previous month, and had also noticed that she had lately been losing weight. She had 
had no previous admissions. 
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Part I (continued) 
The Family History: 
Her husband, Emad, is quite healthy with no previous illnesses. Her 3-year-old son is 
also in good health. Her father, Faihan, who is 55 years old, has a history of insulin- 
dependent diabetes mellitus; her mother, Husa, who is 50 years old, is obese with a 
hypertension history. Her grandfather died 5 years ago. He had had a long history of 
diabetes. 
- You may proceed to the clinical examination 
data. 
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Part 11 
Clinical Examination Data: 
The Physician on call decided to have a full clinical investigation. 
The vital si2ns: 
Noora Normal Range 
Temperature, 'C 36 36.5-37.5 
Pulse rate, beat/min 120 80-112 
Blood pressure, rnm/Hg 120/60 80-110/50-80 
Respiration rate/min 30 20-30 
Also: 
Weight, kg 55 (10th percentile) 
Height, cm 1.70 (=-50th percentile) 
The physical examination: 
She looks thin and pale. 
She was 16 weeks pregnant when seen. 
Cardiovascular system: 
Normal 
Foetal heartbeat: 
Normal 
Abdomen: 
No organomegaly 
Neurological examination: 
Normal 
- You may proceed to the laboratory test 
data. 
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Part III 
Laboratorv Data: 
The Physician decided to order the following test: 
Haematolo2ical values: 
Noora Normal Range 
Haemoglobin (Hb) count, 911 130 115-165 
Haemotocrit (PCV), % 40 36-47 
Reticulocytes, % 0.90 0.5-2.5 
Erythrocytes (RBC), 10 12A 5.7 3.8-5.8 
Mean cell volume (MCV), fl 87.0 77-95 
Mean cell Haemoglobin (MCH), pg 31 27-32 
Mean cell Haernoglobin concentration 33 32-36 
(MCHC), g/dI 
White blood cell (WBC) count, 10 9/1 9.0 4.0-11.0 
Neutrophils, 10 9/1 5.8 2.0-7.5 
Lymphocytes, 10 9/1 2.0 1.5-4.5 
Monocytes, 10 911 0.5 0.2-0.8 
Eosinophils, 10 911 0.2 0.04-0.4 
Basophils, 10 9/1 0.5 0-0.1 
Platelets count, 10 
9/1 260 140-400 
Chemical pathology test data: 
Sodium (Na+), mmol/I 136 135-145 
Potassium (K+), niniol/I 3.9 3.5-5.0 
Bicarbonate (HC03),, MMOI/I 26 24-31 
Urea, mmol/I 6.0 3.0-6.5 
Creatinine, umol/I 85 60-125 
Albumin, 10 9/1 42 32-50 
Total protein, 10 9/1 76 63-80 
Office blood value: 
Blood Glucose', mmol/I 
11 4-6 (fasting) 
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Part III (continued) 
Urine glucose analysis using dip stick: 
Glucose +2 
Ketoses 
PH and arterial blood 2as: 
PH 
P02, mm/Hg 
PC02, mm/Hg 
Ultrasound for foetus: 
Normal 
negative 
(Normal no glucose 
in urine) 
(no ketones) 
Noora Normal Range 
7.40 7.36-7.45 
95 75-100 
35 35-45 
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Part IV 
The Clinical Application. 
The Physician on call decided to admit her in to hospital to monitor her overnight. 
The next day she continued to get better. 
The Physician advised her that she needed to carefully regulate the intake of lente 
insulin, which is one injection of 20 units per day. Also, he recommended that she 
alternate the sites of the injections between her abdomen, thigh and deltoid areas. He 
encouraged her to monitor her blood glucose level twice a day (overnight fasting and 
pre dinner) using a portable glucose meter. 
The doctor emphasized regular food intake and exercise to avoid further episodes of 
hypoglycaernia. She was encouraged to keep in touch with her primary care physician 
at the local centre. 
[Thank you for your co-operation] 
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HNM 04jectiv9IS eL 
The Objectives of the Human Multifactorial Disorder (HMD) Unit are to enable the 
student to: 
Explain the Mendelian inheritance and the difference between autosomal 
recessive, autosomal dominant, co-dominance and X-linked. 
2. List the common multifactorial disorders in genetics. 
3. Discuss the environment agent in causing multifactorial disorder. 
Construct a pedigree pattern for a family with a particular multifactorial 
disorder. 
5. Explain the role of cytogenetics in DNA diagnostics within medicine. 
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Potential Learning Issues: 
The Mendelian inheritance and the difference between autosomal recessive, 
autosomal dominant, co-dominant and X-linked. 
a) Mendelian principles related to the medicine. 
b) The behaviour of the chromosome in each condition. 
C) The disease involved in each condition and its etiology. 
2. The common multifactorial disorders in genetics. 
a) The features of each kind. 
b) The clinical and laboratory characteristics. 
C) The etiology of each type. 
d) The precautions that can be taken for each incidence in terms of 
preventative, counselling and medical ethics. 
3. The role of environmental agents in causing genetic diseases. 
a) The significance of the environment/genetics. 
b) The interaction of genetics and the environment. 
C) The need to reduce the risk environment factors in people's lives. 
Construct a pedigree pattern. 
a) Symbols used and analysis of pedigree. 
b) The significance of pedigree in medicine. 
5. The role of cytogenetics in medicine. 
a) Chromosome set. 
b) Preparation and analysis of karyotype. 
C) The application of cytogenetics. 
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APPENDIX C 
TUTOR TRAINING 
DEVELOPMENT MATERIALS 
9 Tutor Training Development Programme for HGU in PBL 
9 Letter to PBL Tutor 
* Letter to LBC Tutor 
e PBL Tutorial Process Guidelines for Tutors 
0 LBC Tutor Activity Schedule 
0 PBL Tutor Activity Schedule 
* Student Learning Objective Sheet (SLOS) 
0 Student Suggested Clinical Plan (SSCP) 
9 References 
367 
TUTOR TRAINING DEVELOPMENT PROGRAMME 
FOR HUMAN GENETICS UNIT (HGU) 
IN PROBLEM-BASED LEARNING 
Session 1 
8.00-8.20 Welcome Coffee 
8.20-8.30 Dean's Welcome 
8.30-9.00 The researcher's address: 
* PBL and HGU in Medical Education Research 
9.00-10.30 Seminars on: 
" Overview of PBL 
" The Philosophy of PBL 
The Rationale of PBL 
" The Process of PBL 
" The Glossary of PBL 
10.30 - 10.45 Break 
10.45 - 11.15 Film (DVD): The Tutorial Process in PBL Part 1 (30 minutes) 
Howard Barrows and Ann Kelson (2000). University of 
Southern Illinois, U. S. A. 
11.15 - 11.45 
11.45-1.00 
Group Discussion 
Prayer and Lunch 
=: > Session 11 
1.00-2.30 Seminars on: 
Taxonomy of PBL 
Tutorial process in PBL 
Tutor roles and function 
Small group process in PBL 
2.30-2.45 Break 
2.45-3.15 Film (DVD): The Tutorial Process in PBL Part 11 (30 minutes) 
Howard Barrows and Ann Kelson (2000). University of 
Southern Illinois, U. S. A. 
3.15-3.30 Group Discussion 
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Tutor training development programme ....... continued. 
3.30-4.30 
4.00-5.00 
Session III 
8.00-8.30 
Practice Session 
Group discussion 
Welcome Coffee 
8.30-9.00 The researcher's address: 
" The HGU goals and objectives. 
" The research purpose. 
" Conceptual approach. 
9.00-10.30 Seminars on: 
Overview of HGU Curriculum: 
" Human Biochemical Disorder (HBD) problem cases. 
" Human Chromosomal Disorder (HCD) problem cases. 
" Genetics Unit Examination 
10.30 - 10.45 
10.45 - 11.45 
11.45 - 12.10 
11.45-1.00 
Session IV 
Break 
Simulated tutorial session 
(group of undergraduate medical students) 
W. De Grave (1997). Faculty of Medicine, Maastricht 
University 
Film (DVD): A pale young man: Problem-Based Learning in 
the tutorial group: An example of Internal Medicine (25 
minutes). 
Prayer and lunch 
1.00-2.30 Overview of Tutor work plan 
PBL tutorial process guideline for tutor 
Tutor activity schedule 
Student learning objective sheet (SLOS) 
Student suggested clinical plan (SSCP) 
2.30-2.45 Break 
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Tutor training development programme ....... continued. 
2.45-4.00 Instruments involved in this research 
" Tutor/Instructor Journal (TIJ) 
" Cognitive behaviour survey (CBS) 
" Student attitude survey (AS) 
" Course evaluation form (CEF) 
4.00-4.30 Film (DVD): Evaluation in the tutorial group: What now, tutor? 
(30 minutes). 
W. De Grave, E. Huismans, M. Luth & W. J. Beyen (2003). 
Faculty of Medicine, Maastricht University 
4.30-4.40 Tutor training evaluation 
4.40-5.00 Group discussion 
[Thank you for your cooperation] 
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AHMED A. AL-KUWAITI 
E-mail: a. a. al-kuwaiti@durham. ac. uk 
Dear PBL Tutor 
Thank you for your cooperation with regard to your participation in this research. You 
have been assigned to tutor a group of pre- clinical/cl inical students to use the problem 
based learning approach. The Human Genetics study will be held this summer. You 
will meet Group (#) , in room You will be within 
this group for all the next three class sessions. 
This study is very important to the Saudi medical education for two reasons. First, it 
is of direct relevance to the development of the curriculum of the Medical College, 
not just because Human Genetics is increasingly playing a greater role in 
understanding disease and its treatment, but also because the study investigates an 
innovative approach to undergraduate medical teaching. If this teaching is shown to 
be successful through this research project, it could help the Medical College provide 
a highly relevant and effective curriculum for its students and for the health care 
system in the country. The second reason that this is an important study is that it 
hopes to carry out research which will be of great interest and benefit throughout the 
world to people who are attempting to introduce this kind of teaching in their own 
medical schools and colleges. 
Wishing you good luck and thanking you again. 
Yours faithfully, 
Ahmed A. Al-Kuwaiti 
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AHMED A. AL-KUWAITI 
E-mail: a. a. al-kuwaiti@durham. ac. uk 
Dear LBC Tutor 
Thank you for your cooperation with regard to your participation in this research. You 
have been assigned to teach the Human Genetics Unit by using a specific approach, 
which involves a lecture accompanied by a case study and questions regarding the 
specific topic you will be assigned. You will meet the student volunteer for this 
research in room (#) 
This study is very important to the Saudi medical education for two reasons. First, it 
is of direct relevance to the development of the curriculum of the Medical College, 
not just because Human Genetics is increasingly playing a greater role in 
understanding disease and its treatment, but also because the study investigates an 
innovative approach to undergraduate medical teaching. If this teaching is shown to 
be successful through this research project, it could help the Medical College provide 
a highly relevant and effective curriculum for its students and for the health care 
system in the country. The second reason that this is an important study is that it 
hopes to carry out research which will be of great interest and benefit throughout the 
world to people who are attempting to introduce this kind of teaching in their own 
medical schools and colleges. 
Wishing you good luck and thanking you again. 
Yours faithfully, 
Ahmed A. Al-Kuwaiti 
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PBL TUTORIAL PROCESS GUIDELINES FOR TUTORS 
introduction: 
The problem-based learning (PBL) tutor is a faculty member who guides a tutorial 
group in order to facilitate this educational process. The tutor has two major tasks: 
a) To stimulate the learning process 
b) To supervise the tutorial group's method of working and enhance the 
cooperation between students. 
A brief guideline of the process is described below: 
1) First Tutorial Group Meeting 
Instructions: 
Student members may report their names and background to others in the 
group. 
B. Discuss ground rules for the group, for example there may be the need to 
enforce the rule of allowing each other to talk freely without the fear of 
criticism. 
C. Ask two students to volunteer: one to act as a discussion teacher to ensure the 
procedure is systematic and to monitor the group process; the other to be a 
minutes secretary to take down whatever is said in the group, in order to avoid 
the loss of information. A blackboard and a note sheet for recording. 
D. Hand out the problem brief and allow time for the students to read it. Record 
what they would like to learn (learning objectives) from this problem. 
E. Pass out the problem task, let students read it by themselves and then start to 
apply the seven step ("seven jumps") approach (Schmidt, 1983). 
The Seven Step Approach ("Seven Jump"): 
Step 1: To clarify and define the terms and concepts which are not clear 
in the 
context of the problem. 
Students may bring in medical dictionaries and other resources to use 
in class 
if they wish. 
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PBL Tutorial Process Guidelines for Tutors ............... continued. 
Step 2: To explain the problems arising where students explore the unrelated 
phenomenon in context. They may also divide the problem into sub- 
problems which can be discussed in a specific order. 
This step is to direct the brain-storming process, in order to motivate further 
discussion of the problem. 
Step 3: To analyse the problem which the students discuss; to think about the 
various possibilities which underlie the process and also the 
mechanisms within the problem. 
Students continue this process, scanning for new information and creating new 
hypotheses. 
This step is to activate prior knowledge and a basis for further discussion. 
The tutor plays the role of evaluating and managing the problem, according to 
the knowledge and skills previously learned by students. 
Step 4: To sort out the best hypothesis. By critically analysing the hypotheses, 
the ideas that have been previously generated can be prioritised. 
Various explanations are evaluated. 
This step is to activate existing knowledge. 
Step 5: To generate learning objectives: 
The hypotheses that the student identifies during the analysis of the 
problem should enable a better understanding during this step. These 
learning objectives are carried out as a learning activity by the group 
and assigned for independent study. 
This step is to direct the learning process for students. 
The minutes secretary will record the learning objectives on the 
Student 
Learning Objective Sheet (SLOS). The tutor will hand it to the researcher at 
the end of the session. 
11) Second tutorial group meeting 
Step 6: Consists of self-directed learning, during which individual students 
implement step 5 learning objectives and look through 
both 
audiovisual resources and books, or consult a 
faculty member. 
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PBL Tutorial Process Guidelinesfor Tutors ........ continued. 
This step is to help the student gather relevant information, and gain the ability 
to understand the subject matter. 
Students may decide to work together or as individuals, but there is no formal 
meeting. 
Ill) Third tutorial group meeting. 
Step 7: To report the self-directed study activities which conform to the 
learning objectives that the students discussed as a result of their self 
study. 
Students should provide the group with this information orally and through 
hand-outs (if necessary). 
Tutors should manage each student's presentation to make them time 
effective. 
This step is to identify and discuss the uncertainty in the subject matter 
studied. It should also broaden the individual student's knowledge through 
exchange of information among group members. 
Students may spend more time on the issues embedded in the problem rather 
than on solving it. 
Students may suggest a clinical treatment plan for a problem. The minutes 
secretary will record the information on a Student Suggestions Clinical Plan 
(SSCP) and hand it to the tutor. 
At the end of the session, the tutor will provide students with the treatment 
plan (Clinical Application section) used in the hospital. He will then 
encourage them to compare their plans and carry on the discussion. 
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LBC TUTOR ACTIVITY SCHEDULE 
Date: 
Tutor: 
University: 
Group: 
(#) 
Problem about: 
(HBD/HCD) 
div 0 Prereguisites. 
For lecture-based case preclinical students. 
Students should have finished pre-test in cognitive behaviour survey (CBS) and 
attitude survey for enrolment in this research. 
First Class Meetiniz 
9 Lecture (120 minutes) about Human Biochemical Disorder (HBD) 
Second Class MeetiEg 
Lecture (first 40 minutes) about Human Biochemical Disorder (HBD). 
Divide students into pairs and assign the case study questions. 
Provide students with Demographic Questionnaires. 
Third Class Meeting 
* Large group discussion focused on student answers to the questions. 
Fourth Class Meeting 
9 Lecture (first 40 minutes) about Human Chromosomal Disorder 
(HCD). 
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LBC Tutor Activity Schedule ........... continued. 
Fifth Class Meeting 
* Lecture (first 40 minutes) about Human Chromosomal Disorder (HCD). 
Sixth Class Meeting 
9 Large group discussion focused on student answers to the questions. 
* Provide the researcher with tutor journal form (TJF). 
e Provide students with the following: 
Post-test Cognitive Behaviour survey. 
Post-test Attitude survey. 
Student evaluation. 
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PBL TUTOR ACTIVITY SCHEDULE 
Date: 
Tutor: 
University: 
Group: 
(#) 
Problem about: 
(HBD/HCD) 
Direction: 
* This is 2aly for closed-loop problem based learning students. 
Students should have finished pre-test in cognitive behaviour survey (CBS) and 
attitude survey (AS), in order to be enrolled in this research. 
First Tutorial Group Meeting 
Discuss the PBL tutorial process guideline. 
Provide students with the following: 
* Human Biochemical Disorder (HBD) problem brief sheet 
* Human Biochemical Disorder (HBD) Part I (History case) 
* Human Biochemical Disorder (HBD) Part II, III (Clinical 
Examination/data/laboratory Test data) 
* Provide the researcher with the following: 
* HBD problem brief sheet 
Second Tutorial Group Meeting 
* Self-directed meeting. 
e No formal meeting. 
* Provide the student with Demographic Questionnaire. 
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PBL Tutor Activity Schedule .................... continued. 
Third Tutorial Group Meeting 
Provide the student with HBD Part IVB (clinical application) 
Provide the researcher with the following: 
+ Student learning objective sheet (SLOS) 
* Student suggested clinical plan (SSCP) 
Fourth Tutorial Group Meeting 
Provide students with the following: 
* Human chromosomal Disorder (HCD) problem brief sheet. 
* Human chromosomal Disorder (HCD) Part I (case history) 
* Human chromosomal Disorder (HCD) Part 11,111 
(clinical examination/laboratory test data) 
Provide the researcher with the following: 
* HBD problem brief sheet 
Fifth Tutorial Group Meeting 
Self-directed meeting 
No formal meeting 
Sixth Tutorial Group Meeting 
Provide students with the following: 
* Part IV (clinical application) 
* Post test cognitive behaviour survey 
+ Post test student attitude 
* Student evaluation 
Provide the researcher with the following: 
Student learning objective sheet (SLOS) 
Student suggested clinical plan (SSCP) 
Tutor Journal Form 
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STUDENT LEARNING OBJECTIVES SHEET (SLOS) 
Date: 
Tutor: 
University: 
Group: 
(#) 
Undergraduate student: 
A problem about: 
(preclinical/clinical) 
(HBD/HCD/HMD) 
Students agreed to carry out the following learning objectives as a learning activity: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
NOTES: 
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STUDENT SUGGESTED CLINICAL PLAN (SSCP) 
Date: 
Tutor: 
University: 
Group: 
(#) 
Undergraduate student: 
problem about: 
(pre-clinicaUclinical) 
(HBD/HCD/HMD) 
Student suggested the clinical treatment plan as follows: 
NOTES: 
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APPENDIX D 
STUDENT DEVELOPMENT MATERIALS 
* Letter to PBL and LBC students 
* PBL Tutorial Process Guidelines for Students 
0 LBC Tutorial Process Guidelines for Students 
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AHMED A. AL-KUWAITI 
E-mail: a. a. al-kuwaiti@durham. ac. uk 
Dear Student 
Thank you for your cooperation and participation in this research. You have been 
randomly assigned to testify to a specific approach in medical education for studying 
Human Genetics. You will meet Grow (#) in room 
(Th 
class sessions. 
You will be studying within this group for all of the next three 
Using this approach may appear different at the beginning, but with your kindness, 
effort and practice as well as the tutor's assistance, the process will become much 
easier and understandable. 
This study is very important to the Saudi medical education for two reasons. First, it 
is of direct relevance to the development of the curriculum of the Medical College, 
not just because Human Genetics is playing an increasing role in the understanding of 
disease and its treatment, but also because the study investigates an innovative 
approach to undergraduate medical teaching. If this approach is found to be successful 
through this research project, it could help the Medical College provide a highly 
effective curriculum for its students and for the health care system in the country. 
The 
second reason that this is an important study is that it carries out research which will 
be Of great interest and benefit throughout the world to people who are attempting 
to 
introduce this kind of teaching in their own medical schools and colleges. 
Wishing you good luck and thanking you again. 
Yours faithfully 
Ahmed A. Al-Kuwaiti 
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PBL TUTORIAL PROCESS GUIDELINES FOR STUDENTS 
First Tutorial Group Meeting 
Instructions: 
Student members may report their names and background to the others. 
B. Discuss ground rules for the group; for example, you may need to ensure that 
every participant is allowed to talk without inhibition and fear of criticism from peers. 
C. Two students will volunteer: one student will act as a discussion teacher to 
ensure maintenance of educational systematic procedure and to monitor the 
group process, and the other will be a minutes secretary to take down the 
discussion in the group, in order to avoid the loss of information. A 
blackboard and a note sheet may be used for the purpose. 
D. Students will receive the problem brief for perusal. They may record what 
they would like to learn (learning objectives) from this Problem. 
E. Students will receive the problem task, read it individually and apply the seven 
step (66seven jumps") approach (Schmidt, 1983). 
The Seven Step Approach ("Seven Jump"): 
Step 1: To clarify and define the terms and concepts which are not clear in the 
context of the problem. 
Students may bring in medical dictionaries and other resources to use in class 
if they desire. 
Step 2: To explain the problems arising where students explore the unrelated 
phenomenon in context. The problem may also be divided into sub- 
problems which can be discussed in a specific order. 
This step is to direct the brain-storming process and further discussion of the 
problem. 
Step 3: To analyse and discuss the problem with other students, and 
think 
about the various possibilities underlying the process as well 
as the 
mechanisms within the problem. 
Students continue this process, scanning for new information and 
creating new 
hypotheses. 
This step is to activate prior knowledge and acts as a 
basis for further 
discussion. 
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The PBL Tutorial Process Guidelinesfor Tutorv ............... continued. 
Step 4: To sort out the best hypothesis. By critically analysing the hypotheses, 
the ideas that have been previously generated can be prioritised. The different explanations can be evaluated. 
This step is to activate existing knowledge. 
Step 5: To generate learning objectives: 
The hypotheses that the student identifies during the analysis of the 
problem should enable a better understanding during this step. These 
learning objectives are carried out as a learning activity by the group 
and assigned for independent study. 
This step is to direct the learning process for students. 
The minutes secretary will record the learning objectives on the Student 
Learning Objective Sheet (SLOS), to be handed in to the researcher at the end 
of the session by the tutor. 
11) Second tutorial group meeting 
Step 6: Self-directed learning, during which individual students carry out the 
step 5 learning objectives and look through both audiovisual resources 
and books or consult a faculty member. 
To assist independent study, literature and audiovisual resources specific to 
the problem being studied have been reserved for HGU in the University 
Library. 
This step is to help the student to gather relevant information, and gain the 
ability to assimilate the subject matter. 
Students may decide to work together or as individuals, but there 
is no formal 
meeting. 
Ill) Third tutorial group meeting. 
Step 7: To report the self-directed study activities which conform 
to the 
learning objectives discussed by the students as a result 
of their self 
study. 
Students should provide the group with this 
information orally and 
through hand outs (if necessary). 
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The PBL Tutorial Process Guidelinesfor Tutors ........ continued. 
This step is to identify and discuss the uncertainty in the subject matter 
studied. Also, this broadens the students' knowledge through the exchange of 
information. 
Students may spend more time on the issues embedded in the problem rather 
than on solving it. 
Students may suggest a clinical treatment plan for a problem. The minutes 
secretary will record the information on a Student Suggestions Clinical Plan 
(SSCP) and hand it to the tutor. 
At the end of the session, the tutor will provide students with the treatment 
plan (Clinical Application section) used in the hospital. He will then 
encourage them to compare their plans and discuss. 
[Thank you for your cooperati . on] 
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LBC TUTORIAL PROCESS GUIDELINES FOR STUDENTS 
I) First Class Me 
This meeting is devoted completely to a specific Human Genetics, HBD/HCD 
lecture (120 minutes). 
11) Second Class Meeting 
The first 40 minutes, Instructor continues lecturing. The rest of the time, 
students will divide into pairs to study the case and answer questions. 
111) Third Class Meeting 
This meeting is devoted to a large group which focuses on the students' 
answers to the questions set in the second class meeting. 
[Thank you for your cooperation] 
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LBC TUTORIAL PROCESS GUIDELINES FOR STUDENTS 
I) First Class Me 
This meeting is devoted completely to a specific Human Genetics, HBD/HCD 
lecture (120 minutes). 
11) Second Class Meeting 
The first 40 minutes, Instructor continues lecturing. The rest of the time, 
students will divide into pairs to study the case and answer questions. 
111) Third Class Meeting 
This meeting is devoted to a large group which focuses on the students' 
answers to the questions set in the second class meeting. 
[Thank youfor your cooperation] 
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APPENDIX E 
Pre-test Analysis 
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